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ABSTRACT

An engineering flight research evaluation was conducted to
investigate the flying qualities and stability and control
characteistics of the research model XV-SA lift-fan vertical and
short takeoff and landing (V/STOL) aircraft. The flight evaluation
was conducted at Edwards Air Force Base, California, by the U. S.
Amy Aviation Test Activity, under the technical cognizance of the
U. S. Army Aviation Materiel Laboratories. Testing consisted of
24.2 productive flight hours and was conducted from 28 January
through 30 June 1965. Tha flying qualities of the XV-SA observed
during this evaluation were suitable for accomplishment of its
primary mission as a research aircraft. Test results indicated an
excellent stability augmentation system and good compatibility
between fan-mode and jet-mode control systems. Poor flying
qualities were encountered while hovering below ý, wheel height of
10 feet. Six characteristics were observed for which correction
was considered to be mandatory for any follow-on XV-5 aircraft.
Correction of twelve additional characteristics was considered to
be desirable for follow-on XV-.5 aircraft. Nine areas were recom-
mended for consideration during any further development of this
configuration and/or concept. An overall pilot opinion of 4 was
assigned to the flying qualities of the XV-5 aircraft observed
during this evaluation.
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Letter,!W1STE-BG, Hq, U. S. Army Test and Evaluation Command
(USATECO-M, 12 March 1965, subject: "Test Directive for 'filitary
Potential Test of the Lift-Fan Propulsion System Concept Installed
in the XV-SA Aircraft, USATECOM Project Task No. 4-5-1220-01."

2. REFERENCES

A list of references is contained in Section 3, Appendix IX.

3. REPORT PUBLICATION

The resultsof the "Engineering Flight Research rvaluation of
the XV-SA Lift-Fan Aircraft" will be published in two parts. Part
1, consisting of the Stability and Control evaluation, is presented
in this report. Part II, consisting of the Performance evaluation,
is expected to be published in the latter part of 1966.

44 Photo I- XV-SA Lift Fan At. Hover
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SECTION 1 -GENERAL

1.1 OBJECTIVE

To conduct flight investigations to obtain stability and cnn-
trol criteria applicable to future Army developmental aircraft
using the XV-SA configuration and/or concept.

1.2 RESPONSIBILITIES

The U. S. Army Aviation Mfateriel Laboratories (USAAAVNMLABS)
had technical control and cognizance of the overall program and
provided an on-site Program Manager's representative~.

The U. S. Army Aviation Test Activity (USMVNTA) had respon-
sibility for conduct of the test program as outlined ir Paragraph
1.1. This included preparation and coordination of the plan of
test with USAAVNIILABS, coordination of test execution and prepar-
ation of required test reports.

USMAVNMLABS negotiated a contract that required the commer~-
cial contractor to furnish support (maintenance, logistics, mitd
facilities) fcr this test program (Reference b, Section 3, Appendix

An organizatianal chart and detailed description of resporsi-
bilities are presented in Appendix VIII.

1.3 DESCRIPTION OF MATERIEL

The XV-SA (former miiitar) designation VZ-1l) is a mid-wing,
tni-fan, turbojet-powered research aircraft. The total aircraft
assembly has a maximum gross weight of 12,500 pounds. Trhe crew
stations consist of a single cockpit with side-by-side seating for
a pilot and an observer. In the conventional takeoff mid landing
(CTOL) flight mode, thrust is supplied by tivo J-85-SB turbojet
engines. In the vertical takeoff and landing (VTOL) and shirt
takeoff and landing (STOL) flight rodes, engine thrust is diverted
to drive two wing fans designated as the X3S3-5B systom and a single
nose-mounted pitch-control fan designated as the X376 system.

The XV-SA aircraft has two basic primary flight control sys-
tens: the fan-powered control system and the conventional control
system. Except for the lift control (collective stick) of the fan-
powered system, both control systems are operated from cat-non cock-
pit controls &nd linkage to comm~on junctures within the fuselage.
From these control iunctures thc linkage is branched off &Ls re-
quired to serve ei ther fan-powered or conventional system functions.

|I
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The conventi;.otl surl.ces (elwvator, rudder, and ailerons) are
operab13 ac all times; the fan-powered output controls are electro-
mechanically made ineffective during transition to conventional
i p~'t.

A detailed dr. cirip*io,, of the XV-5A aircraft systems is pre-
sented in A pendix III.

1.4 BACKGROUND

USAAVNMLABS was assigned the overall program responsibility
for a lift-fan research program divided into two phasec: Phase I
(Reference a), consisting ol' design, fabrication, and 50 hours of
flight testing of two XV-SA aircraft by the contractor; and Phnse
II (References b, c, and d), consisting of 100 hours of flight
testing by the U. S. Government.

Specific objectives of Phase I were to determine and evaluate
the 2i ight characteristics of thl lift-fan in hover and transition
regime and to evaluate, by high-speed flight of the research VTOL
a) "raft, the compatibility of the lift-fan propulsion system with
a nigh subsonic speed aircraft configuration. This phase was com-
dieted on 26 January 1965. The twi'c XV-5A aircraft were delivered
to the Army for further flight testing on 28 January 1965.

A Test Directive defiring objectives and responsibilities for
Phase II was issued by USATECOM 12 March 1965. The responsibilities
for this flight research program for USkkVNMLABS and USAAVNTA were
as stated in Paragraph 1.2 and Appendix VIII. A test plan (Refer-
ence f) was submitted by USAAVNTA for coordination by USAAVNMLABS
in December 1964.

"Tie stability and control flight research testing consisted
of 24.2 productiv.e flight hours and was conducted at Edwards Air
Force Base, California, from 28 January 1965 to 30 June 1965.

USAAVNTA submitted Letter Report of Preliminary Pilot Quali-
tative Evaluation of the XV-SA Research Aircraft to USAAVNMLABS on
28 October 1965 (Reference g).

1.5 FINDINGS

1.5.1 COCKPIT, FLIGHT CONTROL SYSTEMS AND GROUND HANDLING
CHARACTERISTICS

1.5.1.1 Cockpit

The cockpit area was large and provided the pilot with

arple space. Inflight cockpit temperature control was unsatis-
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factory. Ver~tilation was achieved by small vents along the canopy
puriphery These vents were inadequate cooling devices at lower
altitudes and, due to the pilot's inability to close them, unsatis-
factory during high-altitude flights. Switches and~ controls were
within easy reach of the pilAot except for the oxygen diluter valve
and quantity gage which should be repositioned. Other cockpit
switch and instrument location changes should be made. Fields of
view forward and sideward were good. During hover operations, down-
ward vision was restricted. In addition, the canopy release mech-
anism provided no satisfactory "vent" ,osition for use during
ground operations. No positive canopy lock indication was available
to the pilot. Paragraphs 2.1.*1.*4.1, .21 .3, A.4

1.5.1.2 Cockpit Warning Systems

Activation of the fan-cverspeed warning system served no
useful purpose during this evaluatioi&. Flights in fan-mode (P.1)
cinfiguration at airspeeds greater than 60 knots calibrated air-
speed (KCAS) were generally conducted with the fan-overspeed warn-
ing system activated. The warning system should be activated only
when automatic power cut~back occurs. After power reset proce~ures
have been satisfactorily completed, the fan-overspeed warning sys-
tem should be automatically deactivatcd with no pilot action re-
quired. Additional modifications to t.he fire warning syste,,n,
annunciator panel, and master caution light are required to. imrrove
respective :-,.ystem effectiveness. Paragraphs 2.1.1.4.5.2.), .2, .3.

1.5.1.3 Flight Control Systems

Control brer.kout forces and force gradients were qualita-
tively observed to be satisfactory about all axes in both jet-mode
(JM) and FM configurations. Poor correlation between flight and
ground test conmol system data was observed. In R1 configuration
during low-speed translational maneuvering, the lateral and longi-
tudinal control stick forces were too high, thereby increasing
pilot fatigue. In JNI configuration, the 1lateral control stick
forces were too low and contributed to pilot-induced lateral oscill-
ations. No objectionable control system characteristics were noted
during aircraft conversions between JM and FM configurations. A
pilot opinion rating of 3 (see Appendix VII) was assigned to the
observed characteristics of the flight control systems. Paragraph
2.1.2.S.

1.5.1.4 Ground Handling Characteristics

The light-duty brakes and narrow main gear track (8.39
feot, wheel to wheel) caused prolonged taxiing to be precarious.
The use of thrust spoilers to reduce residual thrust as an addition-
al braking technique did not satisfactorily alleviate this problem.

3

C 1



These characteristics were assigned a pilot opinion rating of 5.

Paragrap,& 2.1.2.6.

1.5.2 FAN-MODE STABILITY AND CONTROL

1.5.2.1 Static Trim Stability

The static longitudinal trim stability was negative at
airspeeds greater than approximately 50 KCAS and positive for air-
speeds below 50 KCAS. The stick-position reversal was gradual
with no sharp discontinuities. The longitudinal trim system pro-
vidod insufficient nose-down trim authority between 32 KCAS and
72 KCAS. The lateral trim stability was nonlinear with airspeed
due to the unsymmetrical phase-out of differential stagger with
vector angle. The directional trim requirement was linear as a
function of airspeed with increasing left pedal required as air-
speed increased. The pedal trim forces varied from 7 pounds right
pedal to 6 pounds left pedal in hover at an airspeed of 87.5 KCAS.
These findings were considered to be satisfactory; however, the
insufficient forward longitudinal trim authority was undesirable
and should be corrected. A pilot opinion rating of 3.5 was
assigned to the static trim stability characteristics in FM con-
figuration. Paragraphs 2.2.1.4.1.2, .3, 2.2.1.4.2.2, 2.2.1.4.3.2,
.3, 2.2.1.5.

1.5.2.2 Static Longitudinal Stability

Negative stick-fixed and stick-free static longitudinal
stability existed at airspeeds greater than SO KCAS, reaching a
maximum negative value at 74 KCAS. Due to the insufficient longi-
tudinal trim authority in this region, "stick feel" was not the
prominent factor to the pilot for airspeed control during fan-
powered flight. The negative stability characteristics did, how-
ever, contribute to the requirement for careful pilot technique
during any aircraft configuration changes within this flight re-
gime, i.e., climbs and descents, speed and power. A pilot opinion
rating of 3.5 was assigned to the static longitudinal stability
characteristics in FM configuration. Paragraphs 2.2.2.4.1.2, .3,
2.2.2.5.1.

1.5.2.3 Static Directional Stability and Effective Dihedral

The pedal-fixad directional stability was positive, vary-
ing in magnitude directly with airspeed, for all airspeeds tested.
The pedal-free directional stability was positive for all airspeeds
with a minimum value observed at 45 KCAS. The stick-fixed and
stick-free effective dihedrals were positive and nonlinear as air-
speed was varied from 30 KCAS to 74 KCAS. During steady-heading

4
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Photo 4- XV-SA In Fan-Node Configuration

sideslips, directional control inputs were characterized by light
forces at airspeeds between 30 KCAS and 60 KCAS. At these air-
speeds, the aircraft tended to yaw indiscriminately about the de-
sired sideslip angles, becoming more prominent as airspeed was re-
duced below 60 KCAS. This result was more of a nuisance than an
objectionable characteristic in the accomplishment of the primary
research mission. A pilot opinion rating of 3 was assigned to the
static directional stability characteristics and effectiye dihedral
observed in FM configuration. Paragraphs 2.2.3.4.1.2, .3,
2.2.3.4.2.2, .3, 2.2.3.5.1.

1.5.2.4 Static Stability During Sideward Flight

The directional control requirement during sideward flight
was nonlinear with corntrol reversals occurring during lateral trans-
lations both to the right and to the left. From trimmed hover to
approximately 11,5 knots, the directional trim stability was non-
linear and negative with right pedal required for right lateral
translation and left pedal required for left lateral translation.
A reversal occurred in the directional control requirement at a
speed of approximately 11.5 knots and the stability was positive

S



for all speeds up to 24.5 KCAS.The lateral trim stability was posi-
tive and slightly nonlinear over the speed range investigated. An
increasing nose-up longitudinal pitching moment was encountered as
the speed was increased in either drection. A pilot opinion rat-
ing of 3.5 was assigned to the sideward flight characteristics.
Paragraphs 2.2.4.4.1.2, .3, .4, 2.2.4.5.1.

1.5.2.5 Static Stability During Low Speed Forward and Rearward Flight.

The longitudinal trim stability during low-speed forward
flight and rearward flight (18 KCAS maximum) was positive and
slightly nonlinear. The lateral and directional control require-
ments during these flight conditions were small. A pilot opinion
rating of 2.5 was assigned to these observed characteristics. Para-
graphs 2.2.4.4.2.2. .3, 2.2.4.5.1

1.5.2.6 Dynamic Longitudinal Stability (SAS On)

Mhe dynamic longitudinal stability characteristics were
similarat all airspeeds tested. Any existing variations in stabil-
ity characteristics with airspeed were masked by strong SAS damping.
Typically there was a small characteristic overshoot with no resid-
ual oscillations. Qualitatively the observed longitudinal disturb-
ances were well damped over the entire fan-mode airspeed envelope.
A pilot opinion rating of 2 was assigned to these characteristics.
Paragraphs 2.2.5.4.2, 2.2.5.5.1.

1.5.2.7 Dynamic Lateral-Directional Stability (SAS On)

A lateral disturbance resulted in a highly damped lat-
eral oscillation for all airspeeds below 74 KCAS. This high degree
of damping was attributed to the SAS. Qualitatively no coupling of
lateral-directional oscillations existed as a result of pulse dis-
turbances of the lateraL or directional controls in hovering flight.
At airspeeds above 30 knots, directional gust sensitivity was high
and resulted in considerable positive lateral coupling, even in
light turbulence. A pilot opinion rating of 3.5 was assigned to
the lateral-directional stability characteristics in FM configur-
ation. Paragraphs 2.2.5.4.3, 2.2.5.5.1.

1.5.2.8 Dynamic Directional Stability (SAS On)

The dynamic directional stability was positive in a
hover. The aircraft yawed in the direction of the disturbance,
then stabilized at some new heading. Paragraph 2.2.5.4.4.

The dynamic directional stability was positive in level
flight with the SAS providing very high damping at airspeeds be-

6



tween 30 and 49 KCAS. At 52 KCAS the moticn was a lightly damped,
complementary roll and yaw oscillation with a period of approxi-
mately 3 seconds. The weak stability was caused by reduced SAS
effectiveness and lack of aerodynamic damping. As airspeed was
increased to 70 KCAS the stability improved. A pil.ut opinion re".t-
ing of 3 was assigned to these characteristics. Paragraph 2.2.5.5.3.

1,5,2.9 Controllability(SAS On)

1.5.2.9.1 Longitudinal Controllability

The longitudinal control sensitivity varied nonlinearily
with airspeed. The control sensitivity during a hover at 30-per-
cent collective was 6.0 deg/sec2/inch and increased to 7.6 deg/sec2/
inch for a collective setting of 70 percent. The longitudinal sen-

sitivity at 43 KCAS was 5.0 deg/sec2/inch and 6.0 deg/sec2/inch for
an aft and a forward input respectively. The maximum angular accel-I
eration per inch of stick then increased nonlinearily with speed
and reachedl4.6deg/sec2 for a forward input, and 13 deg/sec2 for
an aft control motion at an airspeed of 70 KCAS. The time required
to reach the maximum was approximately .35 seconds. Paragraph
2.2.6.4. 1.2.

The longitudinal control response in a hover was the
same for both a 30-percent and 70-percent collective setting. The
magnitude of this response was 2.4 deg/sec/inch. In level flight,
the control response was essentially the same from 43 KCAS to
70 KCAS. The magnitude for a forward step was 3.0 deg/sec/inch and
2.4 deg/sec/inch for an aft input. The time required to reach maxi-
mum rate was .7 seconds. Paragraph 2.2.6.4.1.3.

Thfi angular pitch displacement (deg/inch) was basically
the same for hover and level flight. In all cases the longitudinal
control input caused a pitch attitude change in the proper direction.
The pitch displacement in a hover for 30-and 70-percent collective
control was 2 deg/inch at 1.0 second after control input. The angu-
lar pitch displacement between 43 and 70 KCAS was a constant 2.3
deg/inch for a forward input and 1.7 deg/inch for an aft step at
1.0 second after control input. Paragraph 2.2.6.4.1.4.

1,5.2.9,2 Lateral Controllability

The lateral control sensitivity in a hover varied with
collective stick position. The sensitivity in a hover was 12 deg/
sOc 2/inch at 30-percent collective control and 17.7 deg/sec2/inch
for a collective setting of 70 percont. The maximum control sensi-
tivity in level flight occurred at 30 KCAS with a value of 18 deg/
3ec2/inch. The angular accaltration then decreased with airspeed

7
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and reached a minimum sensitivity of 15 deg/sec 2/inch at 58 KCAS.
Above 58 KCAS, the sensitivity then increased slightly to a value
of 15.8 deg/sec 2 /inch at 70 KCAS. The maximum acceleration for a
lateral step control input was reached in .4 seconds during hover
and.3S seconds in level flight. Paragraph 2.2.6.4.2.2.

The lateral control response during a hover was 4.0 deg/
sec/inch, and a 70-percent collective setting produced 5.8 deg/sec/
inch. The control response for level flight at 30 KCAS was 6.5 deg/
sec/inch and decreased slightly to 6.0 deg/sec/inch as airspeed was
increased to 60 KCAS. As airspeed was further increased to 70 KCAS,
the maximum roll rate per inch of stick increased to 6.4 deg/second.
The time required to reach this maximum roll rate was approximately
1.0 second. Paragraph 2.2.6.4.2.3.

The roll displacement during a hover varied with collec-
tive control position. For a collective position of 30 percent,
the bank angle was 1.7 deg/inch and, for a collective position of 70
percent, the roll displacement increased to 3.0 deg/inch. At an
airspeed of 30 KCAS, the angular roll displacement was 2.8 deg/inch
and increased slightly to 3.3 deg/inch at an airspeed of 70 KCAS.
Paragraph 2.2.6.4.2.4.

1.5.2.9.3 Directional Controllability

The magnitude of the directional control sensitivity in
a hover varied from 6 deg/sec 2 /inch to 7 deg/sec 2 /inch for a collec-
tive setting of 30 and 70 percent respectively. The minimum sensi-
tivity during level flight was 8 deg/sec2/inch at 30 KCAS. The
angular acceleration then increased nonlinearly with airspeed to
11.0 deg/sec2 at an airspeed of 70 KCAS. The time required to reach
maximum angular acceleration in level flight was .45 seconds. Para-
graph 2.2.6.4.3.2.

The angular velocity in a hover varied with collective
control position. By increasing the collective from 30 to 70 per-
cent, the maximum rate varied from 3.5 deg/sec/inch to 5.8 deg/sec/
inch respectively. Although the pedal input was held for approxi-
mately 3 to 6 seconds, the yaw rate continued to increase with the
maximunm not occurring before recovery action was necessary. The
time required to obtain the maximum yaw rate in level flight varied
from 1.4 seconds at 30 KCAS to .8S seconds between 55 and 70 KCAS.
The maximum control response was 4.7 deg/sec/inch at an airspeed of
30 KCAS. The directional control response then decreased to a value
of 3.0 deg/sec/inch at 70 KCAS. Paragraph 2.2.6.4.3.3.

These values of sensitivity and response, similar to
those of the 11-43B. were low by normal helicopter standards. In-

8



creased directional control power should be provided for operational
flight conditions of winds and turbulence.

1.5.2.9.4 Pilot Controllability Comments

During test condition hover operations above 10-foot
wheel height with SAS at test settings and collective stick less
than 75 percen~t, the controllability characteristics about the 3
axes were excellent. Results of dynamic disturbances showed the
SAS to be a very effective system. During hover operations below
10 feet, an evaluation of controllability characteristics was not
possible due to the problem area discussed in Paragraph 1.5.4.1.
Although not quantitatively documented, there existed a severe deg-
radation of lateral fan-mode control power with application of full-
up (100-percent) collective stick. This collective position-lateral
control coupling characteristic was unsatisfactory and required cor-
rection. The controllability characteristics about the 3 axes ob-
served for the 30 KIAS-80 KIAS airspeed range enhanced the flying
qualities of the XV-SA. An overall pilot opinion rating of 3 was
assigned to the fan-mode controllability characteristics. Paragraph
2.2.6.5.

1.5.2.10 Airspeed Calibration

The nose-boom (low-airspeed) system indicated low for all
airspeeds; between 30 and 85 KIAS. This position error was constant,
with a value of 3 knots, for an angle-of-attack range of -2 to +5
degrees. Paragraph 2.2.7.4.

The wing-boom (high-airspeed) system was not reliable at
airspeeds below 80 KIAS. This system, therefore, was not cali-
brated for fan-.mode flight. Paragraph 2.2.7.4.

1.5.3 JET-'IODE STABILITY AND CONTROL

1.5.3.1 Longitudinal Trim Changes

The longitudinal stick force triti changes caused by vari-
ations in flap setting and fan configuratiLon exceeded 10 pounds in
most cases. The magnitude and rate of trin change, however, were
easily trimmed by use of the horizontal stabilizer. No measurable
lateral or directional coupling was encountered during any of the
longitudinal trim change tests. A pilot opinion of 3 was assignled
to these characteristics. Paragraphs 2.3.1.4, 2.3.1.5.

I.S.3.2 Longitudinal Trim Stability

The static 1onjitudir-tl trim stability was positive for

9
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an airspeed range of 102 to 330 KCAS and sufficient trim was avail-
able to maintain zero stick forces. For this airspeed range, the
horizontal stabilizer position varied from 2.7 to .5 degrees leading
edge down. The trim stability was neutral for the full-flaps-down
gear-up configurat:3n. The longitudinal trim stability in the pre-
conversion configuration was similar to that in the full-flaps-
down gear-up configuration at an airspeed of 100 KCAS. Paragraph
2.3.2,4.1.

During this evaluation, two trim rates were evaluated in
jet-mode flight. The .2-deg/second horizontal stabilizer trim rate
was too slow at airspeeds less than 150 KIAS. The .4-deg/second
trim rate evaluated during tha early portion of the evaluation was
too fast at airspeeds in excess of 250 KIAS. A pilot opinion rating
of 4 was assigned to the jet-mode longitudinal trinimability charac-
teristics. Paragraph 2.3.2.5.2.

Photo 5- XV-SA In Jet-Mode Configuration

1.5.3.3 Static Longitudinal Stability

The static longitudinal stability, stick-fixed and stick-
free, was positive for the conditions tested. Shallow positive stick
force gradients and large trim bands about the trim airspeeds des-
cribed typical static longitudinal stability characteristics in Pre-
Conversion (PC) and Cruise (CR) configurations. 7hese characteris-
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tics, more pronounced in PC configuration, were not objectionable
and provided satisfactory speed control for "smooth air" test con-
ditions. AMy further testing of this nature should include similar
tests conducted in turbulent flight conditions. The reversible
longitudinal control system was -,ot objectionable for airspeeds less
than 250 KIAS; however, above this airspeed the high stick-free
longitudinal stability was disconcerting. A pilot opinion rating
of 3 was assigned to the jet-mode static longitudinal stabUity
characteristics. Paragraphs 2.3.2.4.2, 2.3.2.5.1,

1.5.3.4 Static Directional Stability and Effective Dihedral

The pedal-fixed static directional stability character-
istics were positive (right pedal required for right yaw) for all
conditions tested. The pedal-fiyed directional stability became
more positive and was slightly nonlinear as airspeed was increased
from 133 KCAS to 325 KCAS. Xn PC covfiguratiou, the pedal-fixed
stability was nonlinear with airspeed and the maximum positive
stability was at 122 KCAS, The stability then decreased with air-
speed and appeared to be positive for airspeeds up to the maximum
PC speed limit. There was no change in the stability with the
gear position. The pedal-free stability was positive and linear
for all conditions tested. Paragraphs 2.3.3.4.1.1, .2.

The stick-fixed dihedral effect was positive and nonlinear
for all conditions tested. The magnitude of the stick-fixed sta-
bility gradient in CR configuration was essentially the same for
an airspeed range irom 133 KCAS to 325 KCAS. The stability became
more positive when the flaps were lowered to the full-down position.
Paragraph 2.3.3.4.2.1.

The stick-free dihedral effect was slightly positive to
neutral for CR configuration. The stability was negative with full-
down flaps at an airspeed of 150 KCAS. In PC configuration, the
stick-free stability was positive at 102 KCAS and decreased with in-
iiucreased airspeed and became neutral at 124 KCAS. The stability in
this configuration was negative at higher speeds. Paragraph
2.3.3.4.2.2.

In PC configuration at airspeeds less then 110 KIAS, there
existed a distracting tendency for the aircraft to wander in yaw
(t2 degrees maxlimu. At airspeeds greater than 110 KIAS, the
static directional stability increased in both PC and CR configur-
ations. In PC configuration at airspeeds greater than 140 KIAS,
the aircraft tended to oscillate laterally after a gust disturbance.
Based on these undesirable characteristics, the full-flap extension
limit speed should be reduced from 180 KIAS to 140 KIAS. A pilot
opinion rating of 3 was assigned to the static lateral-directiomal
stability characteristics. Paragraph 2.3.3.5.
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1.5.3.5 Stall Characteristics

Data from a limited contractor stall investigation indica-
ted that an aerodynamic stall was reached before a minimum control
speed occurred. Stability, both stick-fixed and stick-free, was

linear from the trim condition down to the actual stall. At the
stall, the longitudinal control forces decreased, the aircraft
pitched down, then rolled approximately 30 to 40 degrees. The
roll was usually to the left but in some cases was to the right.
A yawing oscillation accompanied the roll and pitch at the stall.
Paragraph 2.3.4.4.

During the contractor-conducted investigation an undesir..
able post-stall gyration was encountered. Future investigations
should be conducted in this area to include the determination of
the effectiveness of power reduction as a power-on stall vecovery
technique. Paragraph 2.3.4.5.

l.S.3.6 Asymmetric Power

Adequate lateral cantrol and directional control wure
available to control the aircraft at airspeeds above the minimum.
airspeed tested (120 KCAS)with the gear up and a flap setting of
25 percent with one engine at idle power setting. The resulting
change in directional control and force to maiatain zero sideslip
was .3 inches left and 20 pounds left as airspeed was varied from
160 to 120 KCAS. No objectionable flying qualities were encountered
during these limited tests. A pilot opinion rating of 2 was assigned
to the obsorved jet-mode asymmetric power flying qualities.
Paragraphs 2.3.5.4, 2.3.5.5.

1.5.3.7 D•nemic Stability

The short-period dynamic longitudinal stability was posi-
tive and heavily damped in CR configuration. All rates and accel-
erations were in the proper direction and were essentially damped
to zero in one cycle. Paragraph 2.3.6.4.

In rC configuration, lateral disturbances were lightly
damped and resulted in a bank angle's being established in the dir-
ection of the control input.

A pilot opinion rating of 2.5 was assigned to the Jet-mode
dynamic longitudinal stability characteristics. Paragraphs 2.3.6.4,
2.3.6.*..
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1.5.3.8 Airspeed Calibration

The nose-boom (low-airspeed) system position error was non-
linear for all configurations and varied in magnitude from a minimum
of -4.5 knots to a maximum of +9.0 knots. For CR configuration, the
position error varied from a value of -4.5 knots at 103 KIAS to +4.5
at 135 KIAS. In PC configuration with gear up or down, the position
error varied from -3 knots at 95 KIAS to .9 at 143 KIAS. The
position error in power approach (PA) configuration was positive
and 'had a value of +3 knots at 103 KIAS and varied to +8.5 knots
at 123 KIAS. Paragraph 7.3.7.4.

The wing-boom (high-airspeed system) position error was
nonlinear and was the same for all configurations. The position
error varied from -7 knots at 110 KIAS to *.3 knots at 175 KIAS.
The position error then decreased from +.3 knots at 175 KIAS to
-1.5 knots at 230 KIAS and remained essentially the same to an air-
speed of 293 KIAS. Paragraph 2.3.7.4.

1.5.4 TRANSITION STABILITY AND CONTROL

1.5.4.1 Hovering and Vertical Takeoff and Landing (VTOL) Operations

No adverse characteristics were observed due to the rapid
application of collective control stick. Immediately after the main
gear lift-off, the test aircraft exhibited moderate disturbances
about all axes. The intensity of the disturbances decreased as
wheel height increased and was completely eliminated at a wheel
height of approximately 10 feet. Due to the severity of the dis-
turbances, the ability to perform precise tasks in a zero- to 10-
foot wheel height regime was questionable. This result dictated
that all prolonged hover operations be conducted at wheel heights
above 10 fe6t, where a single engine failure would result in air-
craft damage and possible pilot injury.

This problem was complicated by two other unsatisfactory
aircraft characteristics that became pi-ominent during vertical take-
offs: engine reingestion and degradation of available lateral con-
trol power with increased collective stick position. The net effect
of engine reingestion, fully discussed in Reference n, was to reduce
total lift in fan-mode configuration. Reference n showed the in-
tensity of engine reingestion to be a direct function of ambient
wind conditions and suggested the 5-knot wind limitation for verti-
cal takeoff adhered to during this evaluation. To the pilot, en-
gine reingestion was noted by an apparent "hang-up" with little or
no lift response to increased power application. To continue climb
after encountering reingestion during operations in winds of 5
knots or Less, a satisfactory technique was to change aircraft atti-
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tude in pitch or yaw. This altered the air flow from the reingested
pattern and thus permitted sufficient power to conduct a vertical
climb. The second unsatisfactory characteristic was the inherent
coupling of available lateral controa power with collective position.
At maximum engine power and a full-up collective, a severe degrada-
tion of control power from that available with a mid-collective po-
sition was noted.

Although not encountered during this evaluation
due to the S-knot wind limitation, it is easy to foresee the poten-
tial results of the combined effects of the three characteristics
mentioned:with a lateral disturbance immediately at lift-off causirg
a low-wing attitude and angino reingestion causing the pilot to
apply full lift stick to maintain climb, the combined reingestion
and lateral control demand effects would reduce available lift to a
lift-weight (L/W) ratio below 1 and the aircraft would settle to the
ground in a wing-low attitude. Correction of each of the three un-
satisfactory characteristics discussed is mandatory for follow-on
XV-S aircraft. A pilot opiuion rating of S. was assigned to the
vertical takeoff characteristics, Paragraph 2,4.1.5.

1.5.4.2 Takeoff and Climb

The control requirements during a conventional takeoff and
climb were small. Immediately after lift-off, there was a tendency
toward pilot-induced lateral oscillations during climbout which was
easily eliminated as pilot experience was obtained. Two takeoff
flap settings, zero and 25 percent, were investigated at various
horizontal stabilizer positions. Of the horizontal stabilizer
positior.s investigated, -3.5 degrees and -2 degrees were optimum
frr takeoff with 25-percent and zero-percent flaps respectively.
The zero-percent flap takecff was the more desirable of the two
flap configurations investigated. Directional control during take-
off ground run was effortless. Rudder effectiveness was noted at
approximately 40 KIAS and aileron effectiveness %ds noted at 80 KIAS.
A pilot opinion rating of 2.5 was assigned to the conventional take-
off characteristics observed during this evaluation. An associated
problem encountered during conventional takeoff and climbout was
the overheating of the right wing-fan cavity area. To reduce the
cavity area below its overtemp condition (120 degrees Centigrade(C)),
engine speed had to be retarded to approximately 96 percent RPM.
This unsatisfactory performance limitation must be eliminated for
follow-on XV-5 aircraft. Paragraph 2.4.2.S.1.

During the ground run portion of a fan-mode rolliug take-
off, there were no undesirable stability and control characteristics.
The vector angle was moved forward and the aircraft became airborne
when sufficient vertical thrust was available. Aircraft lift-off
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and rotation occurred at a vector angle of approximately 20 degrees
and an airspeed of 50 KCAS. At this time roll and yaw rate oscill-
ations were evident and were more pronounced at lower lift-off air-
speeds. At vector angle positions greater than 20 degrees the fan
control system was ineffective and the minimum climbout speed for
this technique was approximately 45 KCAS. For takeoffs at airspeeds
greater than 45 KCAS, the ground run accelerat"*on technique was
adequate and a pilot opinion rating of 4 was assigned. Paragraphs
2.4.2.4.2, 2.4.2.5.4.

Two undesirable characteristics were noted during 30-foot
wheel height level accelerations from hover. During initial accel-
eration, achieved by increasing the angle of the wing-fan louvers,
specific attention was required to insure that a "ruie-of-thumwb"
relationship of 2 KIAS of airspeed for each degree of louver angle
was maintained. If louver angle exceeded the 1:2 relationship with
airspeed prior to 40 KIAS, a loss of lateral control power was ob-
served. The lateral control power loss was attributed to the "wash-
out" of fan control power as louver angle approached the maximum FM
configuration setting of 45 degrees. The problem was confined to
the lateral axis due to the previously discussed degradation of
lateral control power in FM configuration with full-up iift stick.
At airspeeds greater than 40 KIAS, sufficient aerodynamic lateral
control power was available from ailerons to allow small deviations
from the 1:2 relationship between louver angle and airspeed. The
high degree of pilot attention required to maintain the louver angle
airspeed schedule at airspeeds less than 40 KIAS was undesirable.
There was insufficient nose-down trim authority during acceleration.
A pilot opinion rating of 5 was assigned to the characteristics of
the XV-SA observed during 30-foot wheel height level accelerations
from hover. Paragraph 2.4.2.5.3.

The control movements were small during a stabilized fan-

mode climb at speeds between 30 and 70 KIAS. High negative angles
of attack did not introduce any significant adverse stability and
control characteristics. A looseness of lateral and directional
control was noted during 30 KIAS climbs as compared to climbs at
airspeeds greater than 30 KIAS. A pilot opinion rating of 3 was
assigned to the flying qualities of the XV-SA as observed during
fan-mode climbs. Paragraph 2.4.2.5.5.

1.5.4.3 Landings

The jet-mode landing characteristics observed during con-
ditions of no crosswind or turbulence were satisfactory. Under con-
ditions of crosswinds or turbulence the narrow-track landing-gear
geometry, low-power brakes and large aircraft side area all contrib-
uted to the poor crosswind landing characteristics. These poor
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characteristics were observed in landing winds of less than a 5-
knot crosswind component. The aircraft was firm on landing and
exhibited no tendency to bounce or float during touchdown. Aero-
dynamic braking was possible by holding the nosewheel off the
ground until approximately 85 KIAS, the minimum elevator effect-
iveness speed. "Wave off" characteristics from normal approaches
were excellent with no loss of altitude or large trim changes
involved. A pilot opinion rating of 3.5 was assigned to the
conventional landing characteristics. Paragraph 2.4.2.5.2.

Precise positioning during vertical landings was limited
by restricted downward vision and the disturbances discussed in
Paragraph 1.5.4.2. Prior to a vertical landing the pilot was forced
to selact the proposed touchdown spot at a wheel height above 10
feet, then devote complete attention to lowering the aircraft through
the region of increasing disturbance to the preselected landing spot.
These characteristics were undesirable. Due to the narrow main land-
ing gear and large aircraft side area, the possibility of a lateral
"tip-over" due to a sideward translation at touchdown was always
present during hover operations in wind. To reduce this risk, as
well as engine reingestion effects, hover operations were restricted
to winds of less than S knots. A pilot opinion rating of 5.5 was
assigned to the fan-mode vertical landing characteristics. Para-
graph 2.4.1.4.

1.5.4.4 Conversions

The conventional-to-fan-powered-flight conversion charac-
teristics onhanced the flying qualities. Conversions were conduc-
ted in level flight at the following conditions: engine speed (97
percent - 100 percent), density altitude (4500 feet - 8500 feet),
and airspeed (95 KIAS - 105 KIAS). All conversions were character-
ized by a mild pitch-over (from +13 degrees a to +5 degrees a )
which required approximately 15 pounds of aft stick force to arrest
without an altitude loss. A sensation of deceleration, similar to
that following the extension of speed brakes in a conventional air-
craft, was the most prominent "cockpit cue" of conversion. Addition-
al cockpit cues were: horizontal stabilizer visual and aural signals'
denoting the programmed movement of the stabilizer to the 10-degree
leading-edge-up position, visual signal's denoting diverter valve
in the lift-fan position and increased noise levels due to the three
fans' coming up to speed. The increased noise level was of such
magnitude that radio communications were impaired unless the pilot
wore a snugly fitted flying helmet and oxygen face mask. Total time
required for the conversion was approximately 3 seconds. Follow-
on XV-S aircraft should be provided with speed brakes to assist the
pilot during the conventional to vertical (C-V) conversion as well
as improve Jet-mode deceleration characteristics. A pilot opinion
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rating of 2.5 was assigned to the conventional-to-fan-powered-flight
conversions observed during this evaluation. Paragraph 2.4.3.5.1.

Wings-level fan-powered-to-conventional-flight conversions
were conducted both in level flight and during descents at airspeeds
between 85 KIAS and 95 KIAS. All conversions were characterized
by immediate acceleration and mild pitch-up that could be arrested
with a 10-percent power reduction (100 percent to 90 percent). No
specific control movement, other than throttle reduction, was re-
quired to maintain flight attitude following the conversion. The
sensation of immediate acceleration was the most prominent "cockpit
cue" of the conversion. Additional cues were: horizontal stabil-
izer visual and aural signals' denoting the programmed movement of
the stabilizer to the -5 degree leading-edge-down position, the
visual signal's denoting diverter valve in the conventionally pow-
ered position and the decreased cockpit noise level. Total time
required for the conversion was approximately 1 second, These con-
version characteristics, as observed during this evaluation, en-
hanced the flying qualities of the XV-SA, and a pilot opinion rating
of 2 was assigned. Paragraph 2.4.3.5.1.

1.5.4.5 Transition Characteristics with the Stability Augmentation
System Inoperative

The stability characteristics and control requirements dur-
ing a SAS-off conversion were essentially the same as those for SAS-
on condition. As the airspeed was decreased after conversion, a
lateral-directional oscillation was encountered. The period of this
oscillation was 2 seconds and the magnitude increased with decreas-
ing airspeed. The overall stability continued to deteriorate with
longitudinal and lateral stick inputs increasing in magnitude as
airspeed was decreased to 35 KCAS. No significant directional con-
trol inputs were required during conversion and devectoring. Para-
graph 2.4.4.4.1.

The stability during an acceleration from 35 KCAS was con-
siderably better than during th#! deceleration. The lateral-direction-
al oscillation was present but the magnitude was greatly reduced.
A power cutback during the vectoring did not introduce any signifi-
cant adverse stability and control characteristics. A 2-inch aft
stick displacement was required to compensate for the reduction in
pitching moment with power reductions. No rolling or yawing motions
were associated with the power cutback. The stability characteris-
tics during conversion to jet mode were similar to those in the SAS-
on condition. Paragraph 2.4.4.4.1.

The lateral stability was weak during an acceleration from
hover to 30 KCAS. Immediately after the vectoring was started there
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was a lateral oscillation which reached a maximum at 8 KCAS. The
stability improved as airspeed was further increased and the oscill-
ation was damped. The longitudinal stability was positive with for-
ward stick displacement required during the acceleration. Pedal re-
quirements were similar to those with the SAS on. Paragraph
2.4.4.4.1.

A limited variable SAS investigation of hover -haracteris-
tics above a 10-foot wheel height was conducted. The results of
these tests indicated that attitude control about the pitch and yawaxes could be satisfactorily accomplished without stability augmen-
tation. Attitude control about the roll axis required a minimum of
50 percent of test setting gains to provide adequate roll control
during hover operations. The simulated control effects resulting
from a single hydraulic failure were eval'aated by reducing roll and
yaw SAS gains to 50 percent of test settings and pitch SAS gains to
zero. In this configuration the aircraft was controllable and,
although not evaluated, it was believed that emergency vertical
landing could be safely performed. The results of this phase of the
6valuation indicated a mandatory requirement for a roll SAS during
hover operations. Continued testing in this area should be conduc-
ted. Paragraph 2.4.1.5.

1.5.4.6 Fan-Mode Flight Limitation

The imposed 10-minute maximum duration for fan-mode flight
was unsatisfactory. Paragraph 2.4.1.5.

1.5.4.7 Lift-Fan Operating Characteristics

Lift-Fan overspeed characteristics were observed during high-
speed flight (65 KIAS - 95 KIAS) in FM configuration. These charac-
teristics were undesirable and necessitated an automatic power cut-
back system which reduced engine speed to approximately 97 percent
when lift-fan overspeed limits were exceeded. Although no objec-
tionable flight characteristics were observed following automatic
power cutback, normal pilot reaction was to avoid this occurrence,
As a result the pilot was continually adjusting power with throttle
manipulation to maintain a fixed fan RPM during an airspeed change.
Paragraph 2.1.1.4.5.2.1.
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Photo 6- XV-5A
rear view, Fan-Mode

1.6 Conclusions
1.6.1 COCKPIT, FLIGHT CONTROL SYqTEMS AND GROUND HANDLING CHARACTER-

ISTICS
Inflight ceckpit tempe-ature control was unsatisfactory.

Various cockpit switches and .nscrunzents required repositioning.
During hover operations downward vision was restricted. In addition,
the canopy release provided no satisfacto.ry "vent" position for use
during ground operations and no positive canopy lock indication was
available. Modifications to the fan-overspeed warning and fire
warning systems weie suggested in addition to a modified annunciator
panel and master caution i 5 ght,(Paragraphs 1.5.1.1, 1.5.1.2).

1.6.1.1 Flight Control Systems

Control breakout forces and force gradients were observed
to be satisfactory about all axes in both jet-mode and fan-mode con-
figurations. (Paragraph I.S.1.3), PILOT OPINION RATING: 3.

1.6.1.2 Ground Handling Characteristics

The light-duty brakes and narrow main gear track were un-

satisfactory. (Paragraph 1.5.1.4)8 PILOT OPINION RATING: 5.

1.6.2 FAN•-gDE STABILITY AND CONTROL

1.6.2.1 Static Trim Stability

Static longitudinal trim stability was observed to be
negative at airspeeds greater than SO KCAS and positive for air-
speeds below SO KCAS. In addition, the longitudinal trim system
provided insufficient nose-down trim authority between 32 KCAS and
72 KCAS. The lateral trim stability was nonlinear with airspeed
due to the unsymmetrical phase-out of differential stagger with
vector angle. (Paragraph 1.S.2.1), PILOT OPINION RATING: 3.5.
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1.6.2.2 Static Longitudinal Stability

Negative stick-fixed and stick-free static longitudinal
stability characteristics were observed at airspeeds greater than
50 KCAS. (Paragraph 1.5.2.2), PILOT OPINION RATING: 3.5.

1.6.2.3 Static Directional Stability and Effective Dihedral

During steady-heading sideslips, directional control in-
puts were characterized by light forces at airspeeds between 30
KCAS and 60 KCAS. (Paragraph 1.5.2.3), PILOT OPINION RATING: 3.

1.6.2.4 Static Stability During Sideward Flight

The directional control requirements during sideward
flight were nonlinear with control reversals occurring during
lateral translations both to the right and left. The lateral trim
stability was positive and slightly nonlinear over the speed range
investigated. An increasing nose-up longitudinal pitching moment
was encountered as the speed was increased in either direction.
(Paragraph 1.5.2.4), PILOT OPINION RATING: 3.5.

1.6.2.5 Static Stability During Rearward Flight

The longitudinal trim stability was positive during low-
speed (18 KCAS maximum) forward and rearward flight. (Paragraph
1.5.2.5), PILOT OPINION RATING: 2.5.

1.6.2.6 Dynamic Longitudinal Stability (SAS On)

The longitudinal disturbances were well-damped over the
entire fan-mode airipeed envelope. Typically there was a small
characteristic overshoot with no residual oscillations. (Paragraph
1.5.2.6). PILOT OPINION RATING: 2.

1.6.2.7 Dynamic Lateral-Directional Stability (SAS On)

A lateral disturbance resulted in a highly damped lateral
oscillation for all airspeeds less than 75 KCAS. No lateral-
directionai coupling was observed during hovering flight. At air-
speeds greater than 30 KCAS, directional disturbances were observed
to result in an increasing amount of roll coupling. (Paragraph
1.5.2.7), PILOT OPINION RATING: 3.5.

1.6.2.8 Dynamic Directional Stability (SAS On)

No objectionable flight characteristics were observed
during this portion of the evaluation. (Paragraph 1.5.2.8),
PILOT OPINION RATING: 3.
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1.6.2.9 Controllability (SAS On)

The controllability characteristics were adequate for the
research mission. (Paragraph 1.5.2.9), PILOT OPINION RATING: 3.

1.6.3 JET-MODE STABILTTY AND CONTROL

1.6.3.1 Longitudinal Trim Changes

The longitudinal trim changes with variations of flap
settings and fan configuration exceeded 10 pounds stick force in
most cases. (Paragraph 1.5.3.2, PILOT OPINION RATING: 3.

1.6.3.2 Longitudinal Trim Stability

During this evaluation, two trim rates were evaluated in
jet-mode flight. The .2-deg/second horizontal stabilizer trim
rate was too slow at airspeeds less than 150 KIAS. The previous
.4-deg/second trim rate observed during the early portion of the
evaluation was too fast at airspeeds in excess of 250 KIAS.
(Paragraph 1.5.3.2), PILOT OPINION RATING: 4.

1.6.3.3 Static Longitudinal Stability

The stick-fixed and stick-free static longitudinal stability
were positive for the flight conditions tested. Shallow positive
stick force gradients and large trim-bands about the trim airspeeds
described typical static longitudinal stability characteristics in
PC and CR configurations. (Paragraph 1.5.3.3), PILOT OPINION RATING:
3.

1.6.3.4 Static Directional Stability and Effective Dihedral

Pedal-fixed and pedal-free stability were positive for all
conditions tested. The stick-fixed dihedral effect was positive for
all conditions tested. No undesirable flight characteristics were
observed during this portion of the lateral-directional investiga-
tion. In PC configuration at 140 KIAS, the aircraft tended to oscill-
ate laterally after a wind gust disturbance. This oscillation damped
with airspeed reduction. (Paragraph 1.5.3.4), PILOT OPINION RATING:
3.

1.6.3.5 Stall Characteristics

A limited contractor-conducted investigation of power-on
stalls was conducted. During this investigation an undesirable post
stall gyration was encountered. Future investigations in this area
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should be conducted and should include the determination of the
effectiveness of power reduction on a power-on stall recovery tech--
nique. (Paragraph 1.5.3.5).

1.6.3.6 As=muetric Power

Adequate lateral control and directional control were avail-
able at airspeeds greater than 120 KIAS with one engine at idle pow-
er setting. No objectionable flying yjualities were encountered dur-
ing these limited tests. (Paragraph 1.5.3.6), PILOT OPINION RATING:
2.

1.6.3.7 Dynamic Stability

No objectionablo flight characteristics were observed dur-
ing this portion of the evaluation. (Paragraph 1.5.3.7), PILOT
OPINION RATING: 2.5.

1.6.4 TRANSITION STABILITY AND CONTROL

1.6.4.1 Hovering and VTOL Operations

Three unsatisfa;tory characteristics were noted during VTOL
operations in close proximity to the ground (from zero wheel height
to 10-foot wheel height). Aircraft disturbances, engine reingestion
and degradation o& lateral control power characteristics were all
observed with the specified wheel height region. (Paragraph 1.5.4.1),
PILOT OPINION RATING: 5.5.

1.6.4.2 Takeoff and Climb

No objectionable characteristics were observed during con-
ventional takeoffs. Immediately after lift-off there was a tendency
toward pilot-induced lateral oscillations during climbout which was
easily eliminated as pilot experience was oLtained. (Paragraph
1.5.4.2), PILOT OPINION RATING: 2.5.

An associated problem encountered during conventional take-
off and climbout was the overheating of the right wing-fan-cavity
area which resulted in a performance limitation. (Paragraph 1.5.4.2).

The minimum practical climbout speed for the fan-mode rol-
ling takeoff technique was 45 KCAS. (Paragraph 1.5.4.2), PILOT
OPINION RATING: 4.

Two undesirable characteristics were noted during 30-=foot
wheel height level accelerations from hover. The requirement to
maintain a precise louver angle-airspeed relationship at airspeeds
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loss thaun 40 KIAS was tedious. Tif addition there was insufficient
aircraft nose-down trim authority. (Paragraph 1.5.4.2), PILOT
OPINION RATING: 5.

7sn-mode climbs were characterized by a looseness of lateral-
directional control xioted during 30-KIAS climbs as compayed with
climbs at airsplpds greater than 30 KIAS. (Paragraph 1.5.4.2),

PILVT OPINION RATING: 3.

1.6.4.3 Landings

The jet-mode landing characteristics without crosswind or
turbulence were satisfactory. The narrow-track landing-gear geometr),,
low-power brakes and large aircraft side area all contributed to
poor crosswind landing characteristics in landing winds of less than a
5-knot crosswind component. (Paragraph 1.5.4.3), PILOT OPINION4
RATING: 3.5.

Precise vertical landings were limited by the aircraft dis-
turbances observed in increasing severity from 10-foot wheel height
to zero wheel height. Crosswind characteristics were poor, as dis-
cussed in the preceding paragraph. Restricted downward vision and
landing gear location prevented the pilot from obtaining precise
wheel height information during vertical landings. (Paragraph
1.5.4.3), PILOT OPINION RATING: 5.5.

1.6.4.4 Conversions

The conventional-to- fan-powered-flight conversion character-
istics erhanced the flying qualities. Conversions were character-
ized by a mild pitch-over which required approximately 15 pounds of
aft stick to arrest without an altitude loss. The addition of
speed brakes would assist the pilot during the C-V conversion as
well as improve jet-mode deceleration characteristics. (Paragraph
1.5.4.4), PILOT OPINION RATING: 2.5.

The fan-powered-to-conventional-flight conversions were
characterized by immediate acceleration and mild pitch-up that
could be arrested with a 10-percent power reduction. (Paragraph
1.5.4.4), PILOT OPINION RATING: 2.

1.6.4.5 Transition Characteristics with the Stabilit Augmentation
Sysoemrnoeative

The stability characteristics and control requirements
during a SAS-off conversion weme essentially the same as those for
SAS-on condition. As the airspeed was decreased after conversion
the overall stability deteriorated. The results of a limited
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variable SAS investigation during hover indicated that a mandatory
requirement for a roll SAS existed. (Paragraph 1.5.4.5).

1,6.4.6 Flight Limitations

The imposed lO-minuto flight duration limitation in FM
configuration was unsatisfactory. (Paragraph 1.5.4.6).

1.6.4.7 Lift-Fan Operating Characteristics

Lift-fan overspeed characteristics were present during
high-spýed fan-mode flight. These characteristics were undesirable
and necessitated an automatic power-cutback system. (Paragraph
1.51.4.7).

1.7 Recommendations

*l.7.1 MANDATCRY

It is recommended that the following items he corrected on
a mandatory basis for follow-on XV-5 aircraft:

a. Cockpit temperature control system (Paragraph 1.6.1).

b. Light-duty brakes and narrow main gear track (Paragraph
1.6.1.2).

c. Vertical takeoff and landing characteristics in close
proximity to the grwund (Paragraph 1.6.4.1).

d. Lift-stick-lateral-control-stick coupling characteristic
(Paragrxaph 1.6.4.1).

e. Engine reingetntion characteristic (Paragraph 1.b.4.1).

f. Wing lift-fan-cavity over-heating characteristic
(Paragraph 1.6.4.2).

Mi.7.2 DESIRABLE

It is recommended tbat the iollowing items be corrected on
a priority basis for follow-on XV-S aircraft:

a. Existing cockpit switch and instrument locations
(Paragraph 1.6.1).
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b. Canopy release mechanism (Paragraph 1.6.1).

c. Unsymm~etrical phase-out of differential stagger with
vector angle (Paragraph 1.6.2.1).

d. Negative static longitudinal stability characteristics
in fan-mode configuration (Paragraph 1.6.2.2).

e. Directional stability characteristics during sideward
flight (Paragraph 1.6.2.4).

f. Longitudinal trimmability characteristics in jet-fan-
powered configurations (Paragraph 1.6.3.2, 1.6.2.1).

g. Lateral wind-gust sensitivity in PC configuration
(Paragraph 1.6.3.4).

h. Acceleration characteristics in fan-mode configuration
(Paragraph 1.6.4.2).

i. Jet-mode and vertical landing characteristics in cross-
wind (Paragraph 1.6.4.3).

j. Limited downward vision from the cockpit (Paragraph

1.6.4.3).

k. Lack of speed brakes (Paragraph 1.6,4.4).

1. Lift-fan overspeed characteristics (Paragraph 1.6.4.7).

01.7.3 GENERAL

It is recommended that the following items be considered

during any further develcpment of this configuration and/or concept:

a. Conduct additional. testing to establish the flight
envelope limiting factors (Paragraph 2.0).

b. Conduct additional testing to determine the correlAtion
between flight and ground test control system data
(Paragraph I.S.1.3).

c. Conduct additional testing to evaluate lower stick
forces during low-speed maneuvering flight (Paragraph
1.5.1.3).

d. Conduct additional testing to evaluate increased
-directional stability at airspeeds between 30 KCAS and
60 KCAS (Paragraph 1.5.2.3).
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e. Conduct additional testing to evaluate increased
directional controllability during hover (Paragraph
1.5.2.9.3).

f. Conduct additional testing to evaluate the suitability
of static longitudinal stability characteriitics in
turbulent air (Paragraph 1.5.3).

g. Reduce the full-flap-extension iraximum airspeed limit
to 140 KIAS (Paragraph i.5.3.4).

h. Conduct additional testing to define the stall character-
istics mad establish proper stall recovery techniques
•Paragraph 1.5.3.5).

i. Conduct additional testing to obtain SAS optimization
(Paragraph 1.5.4.5).
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SECTION 2 - DETAILS OF TEST

2.J INTRODUCTION

This engineering flight research evaluation of the XV-5A
aircraft was conducted to fulfill the objectives stated in
Paragraph 1.1. This report presents the stability and control
portion of the evaluation. The program was conducted by USAAVNTA
at Edwards Air Force Base, California. Testing consisted of 24.2
productive flight hours and was accomplished from 28 January 1965
to 30 June 1965. The results of the performance evaluation will
be presented in Part II, which will be published at a later date.

The test program was conducted within the flight envelope
established by the contractor. During the program, flights were
made by the contractor pilots to expand the flight envelope for
further evaluation of the aircraft capability. All other flights
were conducted under the direction of the U. S. Army Test Team.

The test group consisted of a USAAVNMLABS Program Manager, a
USAAVNTA Test Director, and combined USAAVNMLABS/USAAVNTA engineers
and test pilots. The contractor provided logistics, maintenance,
instrumentation, and engineering support, A detailed description
of responsibilities is contained in Appendix VIII.

Tests were conducted in non-turbulent atmospheric conditions
so that tbe data would not be influenced by uncontrolled
disturbances. The design gross weight for the XV-5A was 9200
pounds. The average gross weight used during this test program
was 10000 pounds.

The following sequence was followed to provide the safest and
most logical testing. First, the static stability tests were
conducted to determine the areas of static instability; after the
majority of these tests had been accomplished, the dynamic
stability and controllability tests were accomplished.

The test instrumentation used during the program was supplied,
calibrated, instilled, and maintained by the contractor. The
-roblems encountotred with the instrumentation during the program

re described in Appendix V.

Unless otherwise specified in this report all airspeeds are
calibrated values (CAS) and altitudes are pressure altitudes (Hp).

An appropriate pilot rating system was developed and used
throughout the report in order to correlate the pilot opinion of
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specific flight characteristics with the quantitative test data.
The pilot opinion ratings apply to the aircraft as it was operated
for a research mission in a controlled environment. The ratings
do not necessarily reflect the pilot opinions that would result
from operation in a field environment.

As is the case with most experimental aircraft the XV-SA
flight envelope was progressively expanded as flight experience
was obtained. Appendix IV shows the current flight and operation
limits. Additional testing should be conducted to establish the
flight envelope limiting factors.

2.1 COCKPIT AND FLIGHT CONTROL SYSTEMS

2,1.1 COCKPIT

2.1.1.1 Objective

The objective of the cockpit evaluation was to determine
pilot suitability, pilot comfort, and functional relationships of
the unique instrument display and cockpit controls.

2.1.1.2 Method

The evaluation was conducted by use of graphical cockpit
instrument displays, a full-scale simulator, and by observation
during static and inflight aircraft conditions. First impressions
and opinions resulting from experience were integrated to obtain
cne overall evaluation. Parameter importance and pilot require-
ments were evaluated to arrive at recommended instrument display
changes. Changes during the flight program were primarily
limited to flight safety items.

2.1.1.3 Results

Results are presented in the following paragraphs.

2.1.1.4 Analysis

2.1.1.4.1 Field of Vision

Visibility forward, upward and sideward was good.
Visibility downward and aft 4as restricted. While hovering at
low wheel heights, vertical orientation and landing visibility
were satisfactory. At high hovering heights or vertical approaches
above 500 feet, the lack of downward visibility resulted in poor
ground reference and made it difficult to accomplish a precise
vertical landing. The ovqrall visibility was satisfactory for

28



this evaluation; however, the restricted downward risibility
could be a significant factor in an operational aircraft.
Recommendation 1.7.2j

2.1. 1.•4.2 Co:iafort

The cockpit area was large and provided ample space
for a 6-foot, 190-pound pilot. Ventilation provided by ambient
air drawn in through small vents along the canopy periphery was
unsatisfactory. These vents were inadequate to provide
sAtisfactory cooling during high-temperature ambient conditions.
The cockpit was situated in a hot airframe environment, and the
introduction of high-temperature atmospheric or recirculating
air added to the problem. Cockpit ambient temperature was not
recorded during the evaJuation; however, in many cases the high
temperatures significantly affected pilot comfort. Over an
extended period, this also detracted from pilot performance. The
vents could not be closed by the pilot, and temperature could not
be controlled during low-temperature ambient conditions. Recomn-
mendation 1.7.1a

Accustizal cockpit sealing was aiso unsatisfactory.
During flight in fan-mode (FM) configuration and high-speed (350
knots indicated airspeed (KIAS)) flight in jet-mode (JM) configur-
ation, cockpit noise level was excessive. In FM configuration,
radio communication was impaired by the noise.

2.1.1.4.3 Controls

All switches and controls were within easy pilot reach
except the oxygen diluter valve and quantity gage, which were to
the right rear of the pilot. Both the diluter valve and the gage
should be repositioned for easy pilot access. Recommendation
1.7.2a

The canopy mechanism provided no satisfactory vent
position for use during ground operations. In addition, no
canopy lock indication was provided; this resulted in doubt as to
the actual position of the canopy latch. The following modifica-
tions would improve the canopy control system: Recommendation
1.7.2b

a. Provide positively identified lock and vent
positions for the control handle.

b. Provide a "down-and-locked" light or pointer which
is independent of the handle position.
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The throttle quadrant should be modified to preclude inadvertent
throttle disengagement and/or engine shutoff. Both situations
were experienced during this evaluation. Recommendation 1.7.2a

2.1.1.4.4 Instruments

The rate of climb, low airspeed indicator and high
airspeed indicator were poorly positioned for pilot scanning.
During fan-powered flight, the primary instruments were: angle
of attack, rate of climb and low airspeed indicator. An improve-
ment in the instrument presentation, therefore, would be to
locate these instruments from the left to right along the top of
the instrument panel: angle of attack, rate of climb, low airspeed
indicator and high airspeed indicator.

A further instrumentation recommendation is to offset
the right side of the instrument panel so that pilot vision is
normal to the engine and fan instruments. The changes to instrument
locations shown in Table 1 and Figures 1 and 2 are recommended:

It is considered that accomplishment of these changes would
provide the pilot with excellent density of engine and fan
instrumentation to accomplish data acquisition. For operational
aircraft, considerable "clean-up" and standardization of
instrument layout are required. Recommendation 1.7.2a
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2.1.1.4.5 Emergency operations and Warning Systems

2.1.1.4.5.1 Emergency Operations

The test aircraft was equipped with sufficient
warning devices and redundant systems to enable the pilot to
identify and correct emergency sitations. Conversions could

be aborted at any time and the aircraft immediately returned
to the configuration that existed prior to the conversion
initiation. Cockpit warning devices consisted of a 17-item
annunciator panel with master caution light and the following
warning devices with associated conditions:

Warning Device Condition

Visual Engine Fire and Comupartlent Overheat

Visual and Aural Unsafe Landing Gear

Visual and Aural Horizontal Stabilizer Movement

Visual Manual Wing-Fan Louver Movement
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Visual Structural Overheat

Visual Low Fuel Prebsure

Visual Low Fuel Quantity

Visual Malfunctioning Electxical System

Dual hydraulic, stability augmentation and electrical systems were
installed. A battery designed to supply full capability electrical
power for approximately 5 minutes was provided for use if both the
primary and secondary electrical systems failed. Two fire
extinguisher systems were available for inflight use for either
engine compartment. A rocket-powered ejection seat was installed.
These emergency provisions were adequate for the safe conduct of
the flight evaluation.

2.1.1.4.5.2 Warning Systems

2.1.1.4.5.2.1 Fan-Overspeed Protection System

When the fan-overspeed protection system sensed
101-percent wing-fan RPM or 106-percent pitch-fan RPM, the master
caution light and appropriate annunciator lights were activated.
To extinguish the annunciator panel caution light it was necessary
to reduce wing-fan RPM to approximately 95 percent and pitch-fan
RPM to approximately 100 percent. The power reduction resulted in
a loss of altitude which was a function of power required at the
flight condition. If wing-fan RPM increased to 103-percent and/or
pitch-fan RPM increased to 110-percent structural limit RPM in both
cases, an automatic power cutback occurred which reduced engine
RPM to approximately 97 percent, thus causing a reduction of wing-
fan and pitch-fan RPM. The automatic power cutback system, which
was operational only at louver angles exceeding 30 degrees, did
not result in objectionable flight characteristics. To reset
power after an automatic cutback, activation of one of two power
reset switches was required prior to increasing engine speed.
This reset required approximately 1 second. Due to the
unsatisfactory wing-fan overspeed characteristics that were
observed during high-speed flight (65 KIAS to 95 KIAS), testing
in this regime was usually conducted with the fan-overspeed
caution light activated. This operation nullified the primary
purpose of the caution light. The fan-overspee• protection system
should be modified so that the caution light will be activated
only when automatic power cutback occurs. After normal power
reset procedures had been completed, the caution light was
automatically deactivated , extinguishing the master caution light.
Recomendation 1.7.21
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2.1.1.4.5.2.2 Fire-Warning System

The fire warning/overheat warning lights were not
supplemented by attention-getting audio signals and might not be
observed when attention was directed outside the cockpit, i~e.,
during formation flying, transitionin2 to hover, hovering, landing,
and takeoff. i'he illumination of these lights should cause
peripheral attention-getting lights and audio warning to operate,
The "arm/safe"' and "normal/alternate" switches were separate and
had to be operated in sequence to activate the fire extinguishing
system. This was time consuming and imposed an excessive burden
on the pilot during an emergency situation. When the decision to
operate a filre bottle is made, no further decisions or reasoning
should be required1, and a single pilot action should activate
the bottles. In this case, comments regarding activation of the
fire bottles would not apply.

2.1.1.4.5.2.3 Annunciator Panel and Master Caution Light

The annunciator panel which was placed in the
center of the instrument panel, not angled toward the pilot
was subject to sun glare and reflections. It was occasionally
necessary to lean to the right to confirm lettering. The
illumination of the segments was insufficient to overcome bright
sunlight. No distinction was made between urgent warnings and
precautionary warning; for this reason, the degree of urgency was
not immediately apparent to the pilot.

A master caution light was provided to draw the
pilot's attention to a warning displayed on the annunciator
panel. The following discrepancies detracted from the effective-
ness of the master caution light:

a. It was partially obscured by the drag chute
operating handle.

b. It was a steady, rather than a flashing, light
regardless of the nature of the warning on the annunciator pancl.

c. It was effective only when the pilot was
looking forward.

d. It was similar in appearance to the fire-
warning lights and, therefore, susceptible to confusion in an
emergency.

e. No audio warning was associated with the
illumination of this light.
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2.1.2 FLIGHT CONTROL SYSTEMS

2.1.2.1 bjective

The objective of these tests was to obtain control force
gradients and breakout forces in both the JM and FM configurations.
JM and FM control position variations with stick position were also
obtained during these tests.

2.1.2.2 Method

The aircraft was placed in the hangar with the required
external ground-support equipment connected. The control was then
displaced from the trim condition at a rate of .1 to .2 inches/
second. A continuous record of all parameters was taken during
the test.

2.1.2.3 Results

The test results are presented in Figures 1 through 31 ,

Section 3 , Appendix I.

2.1.2.4 quantitative Engineering Analysis

2.1.2.4.1 General

The test aircraft has two basic primary control systems:
the fan control system and the conventional control system. Both
of these control systems are operated by the conventional cockpit
controls. The fan controls are automatically phased in and out of
the control system by means of a mechanical mixer as vector angle
is varied. The control moments from the fan control system are
achieved by vectoring and modulating the vectored thrust from the
nose and wing fans. The conventional control system is operable
during all flight conditions, and the control moments are achieved
by means of aerodynamic control surfaces.

The aircraft is equipped with a collective control
(lift stick) in addition to the conventional controls. This control
is mechanically coupled to the wing-fan exit louvers. Lowering the
collective increases the differential beta stagger (ABs)(see paragraph
2.4, Appendix I) and decreases fan lift by spoiling the thrust.
This Lontrol can be used to control aircraft altitude and xite of
climb or descent.

Prior to any flight testing, the rigging of the aircraft
was checked for compliance with contractor specifications. The
initial contractor rigging procedures were in many cases inadequate
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to insure repeatability. These rigging procedures were modified
and rewritten as the program progressed to increase the repeat-
ability of the rigging.

2.1.2.4.2 Longitudinal Control and Force Systems

2.1.2.4.2.1 Longitudinal Control System

Longitudinal movement of the stick controlled the
pitch-fan modulator doors and the conventional elevator during FMflight. The elevator motion with respect to longitudinal stick
displacement remained the same regardless of the flight mode. The
position of the pitch-fan door with respect to longitudinal control
position was programmed with vector angle position. The reduction
of longitudinal stick authority for the pitch-fan door with
increasing vector angle is shown in Figure 23, Appendix I.
Approximately ±.13 inches of control free play was encountered at
the trim position in fan mode,

The position of the pitch-fan door varied as afunction of collective control position. This is shown in Figure
22 , Appendix 1.

2.1.2.4.2.2 Longitudinal Force System

The longitudinal control forces in the jet mode weretrimmed by adjustment cf the horizontal stabilizer which was
positioned by means of an electrically operated screw jack. During
FM fligt at vector angles less than 30 degrees, the longitudinal
contrzýl forces were trimmed by adjustment of a trim force system.
At vector angles greater than 30 degrees, the longitudinal forces
were trimmed by the use of the horizontal stabilizer, The
"horizontal stabilizer, at vector angles of less than 30 degrees,
was normally fixed in the full treiling-edge-down position of 20
degrees. The horizontal stabilizer was trimmable at all vector
angles by using the emergency trim system.

The longitudinal breakout forces were approximately
1.0 pound. The force required to move the control full aft was
6.0 pounds pull and 3.0 pounds push for full forward. These
characteristics were similar for jet mode, pre-conversion, and
fan mode at maximum beta vector angle (0.) (See Appendix I ).

The longitudinal breakout force in the fan mode varied
as the B0 setting was changed. This variation was linear with 3.6
pounds at -2.7 degrees and .6 pounds at 34.7 degrees. These
oreakout forces were the same for both a forward and an ift stick
displacement of .25 inches from trim. The unusually large break-
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out forces were probably due to friction in the mechanical mixer.
This friction reduced from 3.6 pounds to .6 pounds as the mixer
box was phase%! out as a function of vector angle. The frictional
force was additive to the spring package gradient.

The longitudinal force gradient in the fan mode varied
with beta vector angle setting. The gradient 1 inch aft of trim
changed from 1.0 pound/inch for a vector angle of -2.7 degrees to
zero at a vector setting of +34.6 degrees. The slope of the
stick-force-versus-dispLazerent curve remained positi'•, '-,t
decreased with aft displacement and increaset! with for-etd
displacement. No significant discontinu.ýie• we/.e pr-:ent dir.!ing
either forward or aft stick displacemený.

The longitudinal stick position for Lero forces
varied as beta vector angle was chang. -I. An increase in ,eta
vector angle caused the position for zero stick force to move
forward. The position of the longitudlinal stick varied frc!-
3.2 inches to 5.9 inches forward of n..utral for a beta vector
angle setting of .2.7 and 34.6 dcgrees. This change in stick
position with beta vector angle resultedt in a large variation
in stick force gradient for foiward displacement.

2.1.2.4.3 Lateral Controe and Force Systems

2.1.2.4.3.1 Lateral Control System

Lateral motion of the stick cont.rolled two
functions in a manner similar tv that of the longitudinal stick.
The lateral sticl- determined the amount o1' differential louver
stagger input diring FM flight. Th. differential stagger a! a
function of lateral stick input varied with vector angle. This
differential stagger washout with increased vector angle was
accomplished in the mechanical mixer box. The variation in
differential stagger as a function of vector angle is shown in
Figure 25 , Appendix I. The lateral control system in fan mode
had ±.15 inches of free play about a trimmed stick condition.

The silerons functioned during all modes of flight.
Symmetrical aileron deflection was programmed automatically with
flap deflection. The maximum aileron droop was 15 degrees and
occurred at a flap deflection of 45 degrees. This I- to -3
aileron droop ratio was maintained throughout the flap deflection
range.

2.1.2.4.3.2 Lateral Force System

The lateral control forces in the jet mode were
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trimmed by use of an electrically operated screw jack attached
to the left aileron tab. During FM flight, at vector angles less
than 30 degrees the lateral control fo, ies were trimmed by
adjustment of a trim force system. The authority of the trim
force system was decreased with vector angle and became zero at
30 degrees. At vector angles above 30 degrees the lateral
forces were trimmed by means of the conventional aileron tab.

The lateral breakout force was approximately 1.0
pound both to the left and to the right for a control movement
of .25 inches from trim. The force required to move the control
full deflection was 4.0 pounds right (3.4 inches) and 3.0 pounds
left (3.0 inches). These characteristics were similar for jet
mode, pre-conversion and fan mode for maximum beta vector angle.

The lateral breakout force in fan mode was a
function of vector-angle position. The breakout force varied
from 1.9 pounds to.75 pounds for both a right and left stick
displacement at a beta vector angle of -2.7 degrees and.34.6
degrees. These breakout forces were measured at .25 inches from
trim.

The lateral force gradient in fan mode varied
slightly with beta vector angle setting. The gradient was .7
pounds/inch at a vector angle of -2.7 degrees and .35 pounds/inch
at a vector angle of 34.6 degrees. This gradient was encountered
at 1-inch right and left of trim. The slope of the stick force
to control displacement gradient was positive for left and right
stick movement from trim.

2.1.2.4.4 Directional Control and Force Systems

2.1.2.4.4.1 Directional Control System

In fan mode, directional control deflections caused
a combined wing-fan-louver and conventional-rudder motion. When
a pedal input was applied, a corresponding change in differential
vector angle (yawing moment) and an associated differential
3tagger input (rolling moment) in the direction of a favorable
roll control input occurred. This progranming of differentia)
stagger had two functions: a. Correction of any adverse roll
with yaw control inputs; and b. Providing dihedral effect during
FM flight. The amount of differsntial stagger input as a function
of vector angle ana pedal input are graphically presented in
Figure 29 , Appendix I. The differential vector input per inch
of pedal deflection varied with vector angle and was washed out in
the mechanical mixer box as the vector angle was increased. The
directional cotrrol system had *.2S inches of free play about a
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trimme stick condition. The differential vector variation as a
functioj. of vector angle is presented in Figure 28 , Appendix I.

A conventional rudder was used for directional
control duý-ing JM flight. This flap-type aerodynamic control
was operative during all modes of flight. The rudder deflection
as a function of pedai displacement was linear.

2.1.2.4.4.2 Directional Force System

During JM flight, the directional control forces
were trimmed by use of the rudder tab. The directional control
forces were trimmed by adjustment of a spring package at vector
anges of 30 degrees or less. The authority of the trim package
was washed out as vector angle was increased. At vector angles
greater than 30 degrees the directional forces were tximmed by
use of the conventional rudder trim tab.

The directional breakout force at the trim
condition was approximately 1.0 pound for a control movement of
.25 inches to the right or left. Six pounds of force were
required to move the controls full left and right. This force
was the same for jet mode, pre-conversion and fan mode for
maximum beta-veztor angle.

The directional breakout force in fan mode varied
with beta vector angle position. The maximum breakout force was
5 pounds at -2.7 degrees beta vector angle and the minimum was
1.0 pound at 34.5 degrees vector angle. These breakout forces
were measured at .25 inches from trim both to the left and to the
right.

The directional force gradient in fan mode varied
as the beta vector angle setting was changed. The gradient 1
inch from trim changed from 1.7 pounds/inch at a vector position
of -2.7 degrees to zero pounds/inch at a vecto" position of 26.7
degrees. The directional force gradient was positive for right
and left pedal displacement with increasing force required for
pedal movement. No significant discontinuities were present.

2.1.2.4.5 Collectivi Control and Force Systems

2.1.2.4.5.1 Collective Control System

The collective stick control %as used in FM flight
only. The collective stick motion controlled the collective
stagger of the wing fans as well as a small amount of the pitch-
fan door motion. The authority of the collective control
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diminished rapidly at high vector angles. The collective stick
was used to control altitude by increasing or decreasing the
thrust from the fans. The control af the thrust was accomplished
by varying the collective stagger. This in turn spoiled thrust,

2.1,2.4.5.2 Collective Force System

The collective control syitem had no frictional
adjustment. The gradient was preset before flight and was
constant regardless of vector position.

2.1.2.4.6 Vector Command Select Switch

The vector command switch was used to control the
position of the wing-fan louvers. The control of the louvers
was accomplished by use of a roller switch located at the top
of the control stick. The activation of the louvers changed I
the thrust vector angle. The beta vector angle was the average
louver angle of the fan system. As the vector angle was
increased, the wing-fan thrust changed from a vertical lifting
force to a combination of horizontal and vertical thrust.

2.1.2.5 Pilot Qualitative Comments.,Pilot Opinion Rating: 3)

2.1.2.5.1 Longitudinal Control System

The longitudinal breakout force and force gradients
were satisfactory during hovering flight. The high forces
measured during the static tests were not apparent to the pilot.
For translational maneuvering at low speeds, the control force
gradients were too high. In general, the reduced spring and
friction force due to increased beta vector were replaced by
increased aerodynamic feedback forces and resulted in a
reasonably consistent control force "feel" over the FM speed
range. Recommendation 1.7.3c

2.1.2.5.2 Lateral Control System

During FM flight, the lateral control system
exhibited adequate force characteristics. The lateral control
forces were lower than the longitudinal forces producing good
control harmony. The lateral control forces, however, were still
higher than optimum for lateral translational maneuvers at low
speed and during sideward flight.

For the conventional and pre-conversion flight
regimes no artificial lateral "feel" system nor lateral stick
centering was provided. This, combined with high roll control
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power, produced very sensitive lateral control characteristics.
This sensitivity was particularly marked during flight with the
flaps down. A lateral stick centering system should reduce the
tendency to over-control in these flight regimes.

2.1.2.5.3 Directional Control System

During hovering flight, when no aerodynamic feedback
was present, the shallow force gradient and lcw breakout force
produced a directional control system with practically no "feel"
characteristics. As forward speed was increased, aerodynamic
feedback incrcazJ the force gradient to that approaching the
conventional regime gradient. The system provided a smooth
change in characteristics through transition.

Conventional and pre-conversion mode control system
characteristics in flight exhibited no unusual characteristics
and were similar to tnose encountered in most conventional
fixed-wing aircraft.

2.1.2.6 Ground Handling Characteristics

The light-duty brakes and narrow main gear track (8.39
feet, wheel to wheel) caused prolonged taxiing to be precarious.
The use of thrust spoilers to reduce residual thrust as an
additional braking technique did not satisfactorily alleviate
this problem. These characteristics were assigned a pilot opinion
rating of 5. Recommendation 1.7.1b

2.2 FAN-MODE STABILITY AND CONTROL

2.2.1 FAN-iODE STATIC TRIM STABILITY

2.2.1.1 Objective

The objective of these tests was to investigate the static
trim stability and flying qualities as the trim airspeed was varied.
Additional tests were conducted to evaluate the louver vector and
horizontal stabilizer trim effectiveness as a function of airspeed.

2.2.1.2 Method

The static trim stability was investigated by trimming
the aircraft at different combinations of airspeed and angle of
attack. While the aircraft was stabilized, all control forces,
control positions, and aircraft attitudes were recorded.

The louver vector trim effectiveness was evaluated by

40



Photo 7- XV-5A In Fan-Mode

first trimming the aircraft at the desiredI level flight conditions.
The louver vector angle was then varied while a constant angle of
attack was maintained. The resulting airspeed, control forces,
control positions and attitudes were recorded at each stabilized
point.

The horizontal stabilizer trim effectiveness was
investigated by first trimming the aircraft at the specified level
flight trim conditions. The horizontal stabilizer position was
then varied while the trim airspeed and angle of attack were
maintained. Control forces, control positions and aircraft
attitudes were recorded at each setting of the horizontal tail.

2.2.1.3 Results

The results are summarized graphically in Figures 32

through 39 Appendix 1.
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2,2.1.4 Quantitative Engineering Analysis

2.2.1.4.1 Static Longitudinal Trim Stability

2.2.1.4.1.1 General

The static longitudinal trim stability is determined
from the control positions required to maintain a trimmed level
flight condition from hover to maximum airspeed obtained during FM
flight. The longitudinal control introduces moment changes from
the pitch fan and from a conventional elevator. These moments are
used to balance the pitching moments from the wings, wing fans and
horizontal stabilizer. During hovering flight and low airspeeds
the aerodynamic control moments are small and trim is primarily
accomplished by the pitch-fan control. The fan pitching muments
and longitudinal control required for trim are changed by airspeed
and the variation in power required for level flight. Aerodynamic
pitching moments from the elevator and horizontal stabilizer
become more effective with increased airspeed and the authority of
the pitch-fan control is phased out.

The conventional elevator deflection is directly
proportional to the longitudinal stick movement, and the pitch-fan
door movement per inch of control is varied with the vector angle.
This variation is programmed automatically and is such that the
pitching moment per inch of stick input is decreased as airspeed
is increased. These characteristics are illustrated in Figure 23
Appendix I

The longitudinal stick forces result from the
longitudinal control force trim package and aerodynamic feedback
from the conventional elevator. The force trim package provides
a positive trim force with stick motion. The force gradient
changes with the vector angle. This force gradient/vector angle
relationship is shown in Figure 1 , Appendix I . The elevator
forces vary with airspeed and are most significant at high air-
speeds when the aerodynamic forces are greatest and the control
force gradient from the trim system is weakest.

2.2.1.4.1.2 Longitudinal Stick Trim Position

The longitudinal trim stability was positive (forward
stick displacement required for increased airspeed) from a hover
to 50 KCAS. The stick moved forward 2.5 inches over this airspeed
range. The static stability was neutral at 50 KCAS and became
negative for all higher airspeeds. The control moved 2.5 inches
aft as airspeed was increased from 50 to 95 KCAS. The stick
position reversal was gradual, with no sharp discontinuities. The
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position of the landing gear did not affect the longitudinal trim
stability.

Changing the angle of attack from -2 to +5 degrees
required no change in stick position. The change in pitching
moment was illustrated by the change in the pitch-fan door position.
This variation in pitch-fan door position was programmed automatically
as the vector position was changed and adequately compensated for the
pitching moment variations. The vector position, airspeed, and angle-
of-attack data showed that at a given airspeed, the vector angle had
to be increased approximately 1.5 degrees for each degree of
increased angle cf attack. This relationship was essentially constant
for an airspeed range from zero to 95 WCAS and angles of attack from
-2 to +5 degrees.

Increasing airspeed I knot required approximately .5-
degree change of vector angle. The vector required for airspeed
change at constant angle of attack was essentially the same for
angles of attack from -2 to +5 degrees and from 25 to 95 KCAS.
Below 25 KCAS, a slight nonlinearity was noted in the vector/
airspeed relationship for all angles of attack investigated.
Recommendation 1.7.2f

"The horizontal stabilizer position was fixed at the
maximum leading-edge-up position of 20 degrees for all vector
angles below 30 degrees. This provided a maximum nose-down pitching
moment from hover to 75 knots (zero-degree angle of attack). From
zero to 55 KCAS the pitching moment contributed by the stabilizer
was insufficient and additional nose-down control was provided
with forward stick. Above 55 KCAS, the stabilizer was at the
maximum leading-edge-up position, and the nose-down moment
increased rapidly with airspeed. This nose-down moment was in the
unstable direction and contributed to the negative trim stability
at high speeds. This was illustrated by an improvement in stability
above 76 KCAS when the moment was decreased by trimming the
stabilizer leading edge down and the aft longitudinal stick require-
ment was significantly decreased. Recommendations 1.7.2d, f

2.2.1.4.1.3 Longitudinal Stick Trim Forces

The longitudinal force trim package had insufficient
authority between 32 and 72 KCAS. It was necessary to apply an
untrimmed forward force to maintain stable level flight. The
maximum untrimmed force was 7 pounds at 55 KCAS. The insufficient
longitudinal trim autho&ity was undesirable qnd should be corrected.
Recommendation 1.7.2f
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2.2.1.4.1.4 Horizontal Stabilizer Trim Effectiveness

The horizontal stabilizer was effective as a trim
device for vector angles greater than 30 degrees. Trimming the
stabilizer leading edge down decreased the aircraft pitch-down
moment and reduced the aft stick requirement. Both elevator
position and pitch-fan door position were affected by the stabilizer
position.

At a trim airspeed of 90 KCAS, approximately .33 inches
of aft stick were required for each degree of leading-edge-up
stabilizer trim. Test data indicated that a full leading-edge-up.
stabilizer condition could be trimmed with the aft stick available.
The test conditions were relatively static, with no delay between
trimming the stabilizer and correcting with longitudinal stick.
The control margin may be significantly reduced for a dynamic
condition such as a runaway stabilizer with delayed corrective
action.

The trim stick forces were positive, with a gradient
of 6.5 pounds/inch of stick travel. Approximately 40 pounds of
push force would be required for the maximum stabilizer trailing-
edge-up condition.

A runaway horizontal stabilizer condition was simulated
at an airspeed of 80 KCAS. There was insufficient longitudinal
moment from the pitch fan and elevator to overcome the nose-down
pitching moticn with the horizontal stabilizer at 5.0 degrees
trailing edge up. A graphic time history is presented in Figures
38 and 39, Appendix I.

2.2.1.4.1.5 Vector Trim Effectiveness

Changing the vector angle from a trim condition
introduced pitching moments which resulted from both direct and
indirect effect of the louver loads, wing, and fan-induced changes
including flap effectiveness and horizontal stabilizer downwash.
Maintaining a constant angle of attack during vectoring resulted
in an airspeed change. This airspeed variation changed the
pitching contributions from the wings, fans, stabilizer, and
elevator. Longitudinal stick was applied to balance the moments
and maintain level attitude. Longitudinal stick forces resulted
primarily from the control system trim package at low speed and
from the conventional elevator aerodynamic feedback at high speed.

A vector change of 16 degrees at a trim airspeed of
75 KCAS required 3.2 inches of longitudinal stick input. This
could have been 4,-educed approximately I inch by using horizontal
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stabilizer trim. The control requiremants followed the stick
trim stability curve with sim4 lar areas of positive trim stability
at low speeds and negative characteristics at high speed.

Longitudinal control forces introduced with vector
changes were most significant at high speeds. At an airspeed of
75 KCAS, 10 degrees of aft vector change resulted in requirement
for 10 pounds of push force to maintain a constant attitude.

2.2.1.4.2 Static Lateral Trim Stability"

2.2.1.4.2.1 General

The stat.'c lateral trim stability is determined from
the control positions required to maintain a trimmed level flight
condition from hover to maximum FM flight speed. The lateral
control introduces moments from spoiling and unspoiling of wing-
fan lift accomplished by differential beta stagger (Ass) and from
conventional ailerons. These moments are used to balance the
rolling moments encountered duxing hover and low speed flight.

The aerodynamic control surface effect-!veness is low and the trim
is primarily accomplished using rolling moments from the wing fans.
The wing-fan contnoi effectiveness contribution to the total
control is changed by airspeed as well as the variation in the
power required to maintain level flight. AerodyiTsric rolling
moments from the ailerons also besoum more effective with
increasing airspeed and the FR controls are phased out.

The conventional aileron deflection is proportional
to the lateral stick movement, and the differential beta stagger
per inch of control varies with the vector angle. This variation
is programmed automatically so that the rolling moment per inch
of stick input is decreased as airspeed is increased. These
characteristics are illustrated in Figure 25 , Appendix I.

The lateral stick forces result from the combined
inputs of the lateral control force trim package and the
conventional aileron trim tab. The force trim package provides
a positive trim force with a corresponding stick motion. The
force gradient of the trim package changes with the vector angle.
This force gradient/vector angle relationship is shown in Figure 8
Appendix I. Lateral stick forces resulting from the aileron trim
tab are most significant at the high airspeeds when the control
force gradient from the trim system is weak.
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2.2.1.4.2.2 Lateral Stick Trim Positon

The lateral trim stability was nonlinear with airspeed.
A constant right lateral stick displacement of .5 inches wan
required as airspeed was increased from 30 to 47 KCAS. This
right lateral stick requirement then reversed and, at 80 KCAS, .3
inches of left stick were necessary to maintain wings-level flight.
The lateral stick requirement was gradual with no abrupL dis-
continuities. This lateral stick variation resulted from the
unsymmetrical phase-out of differential beta stagger (A8s) schedule
as beta vector was varied. The trim data showed no AOs present
since the pilct had removed any As. with the lateral stick input.
The use of A8sas roll control was ineffective as beta vector was
increased above 30 degrees. Recommendation 1.7.2c

Considerable scatter was found in the lateral control
stick position data. Most of this scatter was caused by the free
play in the differential beta stagger control system. The
magnitude of this control free play was approximately ±.25 inches
about the trimmed stick position. The inflight test data agreed
generally with the data obtained during ground test.

Changing the angle of attack from -2 to +5 degrees
required little change in lateral stick position.

2.2.1.4.2.3 Lateral Stick Trim Forces

The lateral control forces encountered during FM
flight could be trimmed at all conditions.

2.2.1.4.3 Static Directional Trim Stability

2.2.1.4.3.1 General

The static directional trim stability is determined
from the pedal control position required to maintain a constant
angle of sideslip from hover to maximum airspeed in FM flight.
The directional control introduces yawing moments from differential
wing-fan vectored thrust and from a conventional rudder. These
moments are used to balance the yawing moments encountered during
flight. The aerodynamic moments are small at hover and during low-
speed flight; therefore, the trim control is primarily derived
from yawing moments obtained from the wing-fan vectored thrust.
These wing-fan yawing control moments are changed by airspeed and
power. The yawing moment contributed by the rudder becomes more
effective with increasing airspeed and the fan controls are phased
out.

The conventional rudoer deflection is directly
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proportional to the directional pedal movement, and the
differential beta vector per inch of control varies with the
vector angle. This variation of differential beta vector is
programmed automatically so that the yawing moment per inch of
pedal input decreases as vector angle is increased. The charact-
eristics are illustrated in Figure 28, Appendix I.

The directional pedal trim forces result from the
inputs by the directional control force trim package and the air
loads on the rudder surface. The force trim package provides a
positive gradient with the corresponding pedal motion, The
directional force gradient changes with the vector angle. This
force gradient/vector angle relationship is displayed in Figure 15,
Appendix I. The directional forces attributed to the aerodynamic
loads on the rudder increase with increasing airspeed.

2.2.1.4.3.2 Pedal Trim Position

The directional control requirement was linear as a
function of airspeed with increasing left pedal required as air-
speed was increased. The pedal position varied linearly from zero
inches to .4 inches left from hover to an airspeed of 87.5
KCAS. The amount of differential beta vector varied from zero
degrees at a hover to 2.0 degrees left at 87.5 KCAS. This
pedal variation with airspeed was attributed to an unknown
position error in sideslip indications and/or differences in the
drag or vectored thrust contributions from the wing fans. The
use of differential beta vector as a directional control was
phased out as beta vector was increased above 35.5 degrees.

An excessive amount of free play was encountered in
the differential beta vector control system. The magnitude of
this condition was approximately t.25 inches about the trim pedal
position. The data obtained during ground tests generally agreed
with the inflight test data.

2.2.1.4.3.3 Pedal Trim Forces

The pedal trim forces encountered during FM flight
varied from 7 pounds right in hover to 6 pounds left at an air-
speed nf 87.5 KCAS.

2.2.1.5 Pilot Qualitative Comments (Pilot Opinion Rating: 3.5)

2.2.1.5.1 Static Longitudinai Trim Stability

The static longitudinal trim characteristics shown in
Figure 32 , Appendix I, were not objectionable. The stick
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reversal was sufficiently gradual and small in magnitude so that
no difficulty was experienced during fairly large speed changes.
In the speed range from 40 to 80 knots at zero-degree angle of

attack, it was not possible to trim out forward stick forces.
The lack of adequate forward longitudinal trim authority was a
distracting characteristic and should be corrected. Recomendatien
A.7ý2f

2.2.1.5.2 Horizontal Stabilizer Trim Effectiveness

At speeds between approximately 20 and 60 knots the
horizontal trim system was selected full aircraft nose down to
provide trim or near trim. The horizontal stabilizer was control-
lable by the trim switch at a beta vector angle of 27 degrees or
greater. The aircraft could be accelerated to conversion speed I
without trimming the stabilizer away from the 20-degree trailing-
edge-down position. However, the trim rate was satisfactory for
trimming out the forces during acceleration. At 90 knots a
stabilizer setting of approximately 15 degrees trailing edge down
trimmod the forces for zero-degree angle of attack. Runaway trim
to the stabilizer full trailing-edge-up condition would involve a
longitudinal push force in excess of 50 pounds and extrapolated
data indicated insufficient stick authority at full engine power.

2.2.1.5.3 Vector Trim Effectiveness

Changes in trim due to vector angle changes were easily
corrected by longitudinal stick and the trim rate was satisfactory
for re-trimming within the authority of the system.

2.2.1.5.4 Static Lateral Trim Stability

Static lateral trim stability wAs satisfactory.
Lateral trim requirements appeared essentially constant and linear
in flight, with few or no corrections required by the pilot to
maintain level balanced flight. The lateral trim rate during
either JM or FM flight provided ample trim capability.

2.2.1.5.5 Static Directional Trim Stability

Static directional trim stability characteristics were
satisfactory. Inflight directional trim changes for balanced
flight were negligible and only occasional trim adjustments were
required.

2.2.2 FAN-MOUE STATIC LONGITUDINAL STABILITY

2.2.2.1 Objective
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The objective of these tests was to evaluate the static
longitudinal stability as a function of airspeed, angle of attack,
and vector angle.

2.2.2.2 Method

The static longitudinal stability was evaluated by
trimming the aircraft at the desired airspeed and angle of attack.
The airspeed was vazied by use of the longitudinal control while
engine power, control force trim, and vector angle were maintained
constant. At each stabilized point the control positions, control
forces, and aircraft attitudes were recorded.

2.2.2.3 Results
The test results are presented graphically in Figures 40

through41 , Appendix I.

2.2.2.4 Quantitative Lngineering Analysis

2.2.2.4.1 Static Longitudinal Stability

2.2.2.4.1.1 General

The stick-fixed static longitudinal stability is
determined from the longitudinal control position required to
balance the change in pitching moments as airspeed is varied from
trim. The change in pitching moment is caused by the horiznntal
stabilizer, change in wing and fan center of lift, and the varia-
tion in thrust from the wing and pitch fans with angle of attack
and airspeed. The magnitude and direction of these moment changes
depend upon the initial trim speed, the speed change from trim,
and the angle-of-attack variation. The degree of stability is
strongly influerced by the variation of pitch-fan door position
with vector aaigle. At low vector angles the pitch-fan door
motion per inch of longitudinal stick input is greatest and
decreases with higher vector angles. This control system
Qharacteristic is shown in Figure 23, Appendix I. The aerodynamic
loads on the conventional elevator proviJe moments in the same
direction as the pitch-fan door. At high vector angles, the use
of the pitch fan as a longitudinal control device is phased out
and longitudinal control is obtained primarily from the elevator.

The stick-free static longitudinal stability is
influenced by both the control force trim system and the aero-
dynamic forces from the conventional elevator. At low speeds tae
force system provides positive force grad.ients but the elevator
is relatively ineffective. The stick force trim system varies the
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force gradient with vector angle. The gradient is highest at low
vector angles and is phased out as vector angle is increased. In
areas where the force trim gradient is low, the elevator is
effective and contributes control forces. The resulting stick-
free stability is a function of the trim airspeed, direction of
stick displacement, and magnitude of stick displacement frcm
trim.

2.2.2.4.1.2 Stick-Fixed Longitudinal Stability

The stick-fixed longitudinal stability was positive
(forward stick displacement required with increased airspeed) for
airspeeds from 32 to 45 KCAS. For this flight regime, the hori-
zontal stabilizer contribution was small and the stability was
primarily influenced by the pitching moment variation from the
fans. From 32 KCAS, the stability decreased with airspeed and
became neutral at 45 KCAS. At trim airspeeds greater than 50
KCAS the stability was negative and reached a maximum negative
value at 74 KCAS. At this trim airspeed, an unstable nose-down
moment from the horizontal stabilizer resulted from an airspeed
increase. Nose-up pitching moments from the pitch-fan door and
the elevator (aft longitudinal stick) were required to oppose the
stabilizer forces. The stability at increased airspeeds above a
given trim point was generally nonlinear. The degree of non-
linearity increased with the magnitude of the change from trim.
Recommendation 1 .7.2d

Dat. cbtained at 5-degree positive angle of attack
at 74 KCAS was slightly more negative than that recorded for a
zero-degree angle of attack.

2.2.2.4.1.3 Stick-Free Longitudinal Stability

The stick-free longitudinal stability was positive
(push force required to increase airspeed) at 32 KCAS. The
positive stick-fixed stability required positive stick displace-
ment with resulting positive stick forces. As airspeed was
increased, the elevator contribution became more significant.
Test data obtained during flight was compared with the control
force data taken during the ground tests when only the control
force trim system was operating. The difference between the
flight data and the static data was essentially the result of
elevator aerodynamic forces. This comparison is illustrated in
Figure A

so
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FIGURE A
ELEVATOR AND TRIM SYSTEM FORCES

Trim Airspeed-75 KCAS Gross Wt - 10000
Landing Gear Down Collective Stick
Pressure Alt * 5000 Position -100% (Up)

Total Stick ForceswElevator Forces+Trim System Forces

710Z&40#67'1101#AS'rIC FORi



The stick-free stability derivative was positive to
an airspeed of 53.5 KCAS. Beyond this airspeed, the stability
became negative and reached a maximum negative value of 0.51
pounds/knot at 74 KCAS. Increasing the trim angle of attack
resulted in a more negative stick-free stability than for the zero-
degree angle-of-attack tests. Recommendation 1.7.2d

2.2.2.5 Pilot Qualitative Comments

2.2.2.5.1 Static Longitudinal Stability

Negative stick-fixed and stick-free static longitudinal
stability existed at airspeeds greater than 45 KCAS, reaching a
maximum negative value at 74 KCAS. Due to the insufficient
longitudinal trim authority in this region, "stick feel" was not
the prominent factor to the pilot for airspeed control during
fan-powered flight. The negative stability characteristics did,
however. contribute to the requirement for careful pilot
technique during any aircraft configuration changes within
this flight regime, i.e., climbs and descents, speed and power.
A pilot opinion rating of 3.5 was assigned to the static
longitudinal stability characteristics in FM configuration.
Recommendation 1.7.2d

2.2.3 FAN-MODE STATIC DIRECTIONAL STABILITY AND EFFECTIVE
DIHEDRAL

2.2.3.1 Objective

The objective of the static directional tests was to
determine the static directional stability and the effective
dihedral throughout the FM flight envelope.
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2.2.3.2 Method

The static directional stability and effective dihedral
were measured by recording the control force, control displace-
ment and resulting bank angle required to produce a given amount
of sideslip angle. Pedal-fixed and pedal-free static directional
stability were determined by relating pedal position, pedal force
and sideslip angle. Stick-fixed and stick-free effective dihedral
were determiaed from the lateral stick displacement and force
relationship with sideslip angle.

2.2.3.3 Results

Test results are presented graphically in Figures 42
through 47 , Appendix I.

2.2.3.4 Quantitative Engineering Analysis

2.2.3.4.1 Static Directional Stability

2.2.3.4.1.1 General

The pedal-fixed static directional stability
characteristics are influenced by moments from the vertical
stabilizer and the pitch-fan momentum drag. The yawing control
moments are obtained from the fan controls and the conventional
rudder surface. The pitch-fan momentum drag tends to yaw the
aircraft away from the relative free airstream. This constitutes
a destabilizing moment which increases with the angle of sideslip.
A positive stability moment is contributed by the vertical
stabilizer. This positive moment increases with airspeed. The
differential vector input with pedal displacement decreases with
increasing vector angle. Since vector angle essentially
determines airspeed, the result is a decreased fan yawing moment
per inch of pedal input as the airspeed becomes greater. This
control characteristic is illustrated in Figure 28 , Appendix I.
The conventional rudder surface produces yawing moments which are
additive to the fan control yawing moments. These moments are
relatively small at low speeds, then increase with airspeed and
become the primary directional control as the fan controls are
phasedout.

The pedal-free static directional stability character-
istics are determined by a control force trim system as well as
conventional forces from the rudder. The control force trim system
varies the pedal force gradient as the vector angle is changed.
Aerodynamic forces of the rudder surface are also sensed in the
pedals and these forces increase with airspeed. The total force
required to achieve a sideslip angle is the sum of the two inputs.
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2.2.3.4.1.2 Pedal-Fixed Directional Stability

The pedal-fixed directional stability (ddsr/dB) was
positive (more opposite pedal with increasing sideslip angle) for
all airspeeds above 30 KCAS. Stability characteristics from hover
to 30 KCAS are presented in Sideward and Rearward Flight Stability,
Paragraph 2.2.4. The stability was slightly positive and nonlinear
at 30 KCAS. This nonlinearity resulted from the increased pitch-
fan destabilizing moment as the sideslip angle was increased from
trim. The vertical stabilizer and side force contributions were
weak and, as a result, large sideslip angles could be obtained
with small pedal inputs. The change in stability characteristics
varied linearly with airspeed from .12 inches/degree at 30 KCAS
to .4 inches/degree at 74 KCAS. As airspeed was increased from
30 KCAS, the pedal-fixed stability increased linearly with air-
speed. This increased stability was caused by both the stability
characteristics and the control system functions. Stable moments
from the vertical stabilizer increased with airspeed and more
directional control was required to yaw the aircraft. The fan
yawing control contribution was decreasing with airspeed while
the rudder control was increasing with airspeed.The net yawing
control, however, did not increase as rapidly as the stability
moments and increasingly positive directional stability resulted.
The pitch-fan momentum drag stability contribution was less
significant at high speeds and the stability was linear with
sideslip angle at 74 KCAS. Recommendation 1.7.3d

2.2.3.4.1.3 Pedal-Free Directional Stabilitr

The pedal-free directional stability was positive
(pedal push force opposite the sideslip angle) for all airspeeds.
At 30 KCAS, the rudder forces were low; however, the positive
pedal displacement required resulted in positive pedal force
with sideslip -angle. As the airspeed w increased fro' 10 to 45
KCAS by more aft vector angles, the trim system force gradient
was reduced. The stability decreased to a minimum at an airspeed
of 45 KCAS. Above this airspeed, the increased forces from the
rudder surface compensated for the decreased trim system force
and provided a greater stability gradient dFr/d6 with airspeed.
The pedal-free stability characteristics are illustrated in
Figure B .

The contractor-established sideslip envelope presented in Figure
4, Appendix IV was evaluated during the test program. The test
data indicated that for a zero-degree angle of attack, no aero-
dynamic or control limits existed for this envelope. In these
tests, however, each axis was evaluated separately and flight
characteristics for the combined axes limits (Maximum angle of
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FIGURE A
SUM4ARY OF FAN MODE PEDAL FIXED

STATIC DIRECI'IONAL STABILITY

Gross Wt x 10000
Gear Down Collective StickPressure Alt * 5000 Position 1 100% (Up)

attack and sideslip angle simultaneously) were not investigated.
Recommendation 1 .7.3d

2.2.3.4.2 Effective Dihedral

2.2.3.4.2.1 General

The stick-fixed effective dihedral characteristics
are determined by the rolling moment from the lateral control
system and the aerodynamic moments from the wing fans, fuselage,
wing and empennage. The complementary roll with yaw is designed
to oppose any adverse rolling moment due to fan yaw control. The
absence of adverse moment tends to produce positive effective
dihedral at low speeds when the wing is ineffective. This is
accomplished by introducing a differential fan thrust as pedal is
used for directional control. At higher airspeeds when the wing
becomes more effective, the control moment is phased out anddihedral is provided by the wing rolling moment with sideslip
angle. The rolling moment characteristic contributed by the fan
control system is illustrated in Figure C.

The lateral control forces from the control force
trim system primarily establish the stick-free dihedral character-istics. Lateral control forces from the conventional aileron
surfaces are small since only a trim tab is actuated by a lateral
input. The control force system causes a change in the lateral
stick force gradient as increased vector angle is used to obtain
higher airspeeds. This characteristic introduces changes in the
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FIGURE C
SUMIARY OF FAN 4oDE PEDAL FREE

STATIC DIRECTIONAL STABILITY

Gross Wt - 10000
Gear Down Collective Stick
Pressure Alt= 5000 Position- 100% (Up)

stability with airspeed which are independent of any aerodynamic

moment changes that may occur.

2.2.3.4.2.2 Stick-Fixed Effective Dihedral

The rolling moment per inch of pedal input at 30
KCAS was greatest at positive angles of attack and decreased as
angle of attack became smaller. At 40 KCAS the control position
was the same for all angles of attack. As the speed increased
above 40 KCAS, the programed control input decreased for all
-nigles of attack.

The stick-fixed effective dihedral was positive
(lateral stick displacement opposite pedal displacement) for
all airspeeds from 30 to 74 KCAS. The variation in stability

gradient (do5  ) as a function of airspeed is presented in
Figure D. Fo airspeeds of 30 to 40 KCAS,, the rolling control
input with pedal was constant and, since aerodynamic moments
were small, the effective dihedral was essentially the same for
these speeds. As airspeeds was increased above 40 KCAS the
rolling moment input with pedal was programmed out. The rolling
moments from the fans and the wing became increasingly effectivu
with airspeed, and the stability gradient (d6o /dn) increased
from 0.1 to 0.3 inches/degree as airspeed was hanged from 40 to
74 oCAS t
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FIGURE -D
DIFFERENTIAL STACGER VARIATION

WIT11 AIRSPEED

Collective Stick Position -100% (Up)
Full Left Pedal Applied

The stick-fixed effective dihedral was linear with
sideslip angle for &:I airspeeds. Increasing lateral control
input was required with increased sideslip angle.

2.2.3.4.2.3 Stick-Free Effectivs Dihedral

The stick-free effective dihedral was positive
( .ateral stick force opposite pedal force) for all airspeeds
zom 30 to 74 KCAS. The stability increased from 30 KCAS and

reached a maximum at an airspeed of 48 KCAS. This increase in
stability was quite small; however, the trend was not anticipated.
Trim system ccantrol force gradient was decreasing with airspeed,
while the stick-fixed effective dihedral was also decreasing,
Both of these characteristics contributed to a lower lateral stick
force per degree of sideslip angle. The increase was attributed
to the trim tab forces which were evidently contributing a stable
moment. As the airspeed was increased, the trim system control
force continued to decrease while the trim tab forces increased,
and the resulting stick-free effective dihedral was slightly
decreased with airspeed above 50 KCAS. At 7S KCAS, the stability
was the saw as at 30 KCAS. 'The stick-free, effective dihedral
characteristics are presented in Figure E.
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FIGURE E
SWINARY OF FAN MODE STICK FIXED

EFFECTIVE DIHEDRAL

Gross Wt - 10000
Gear Position • Down Collective Stick
Pressure Alt = 5000 Position = 100% (Up)

2.2.3.5 Pilot Lualitative Comments (Pilot Opinion Rating: 3)

2.2.3.5.1 Fan-Mode Static Directional Stability and Effective
Dihedral

Sýt.ady sideslips in FM configuration exhibited positive
directional stability and positive dihedral effect throughout the
30-KIAS to 90-KIAS airspeed range. Control inputs, characterized
by light forCes at the lower airspeeds, were symmetric. Results
of this portion of the testing are shown in Figures 42 through 47
Appendix I. As might be expected, in view of these low forces,
steady-state sideslips werý difficult to maintain at airspeeds
below 60 KIAS. At these lower airspeeds the aircraft tended to
yaw indiscriminately about the desired sideslip angles. This
characteristic became more prominent as airspeed was reduced.
These results were more of a nuisance-type shortcoming than
objectionable in the accompli.itment of the aircraft's primary
research mission. An intexesting phenomenon was the apparent
performance increase observed during sideslips in FM configuration.
With no change other than increased sideslip angle, the aircraft
developed an increased rate of climb. A pilot opinion rating of
3 was assigned -.o the static lateral-directional stability
characteristics observed in FM configuration during these tests.
Recomendation 1.7.3d
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2.2.4 FAN-~MODE SIDEWARD AND REARWARD FLIGHT STABILITY

2.2.4.1 Objective

The objective of the sideward and rearward flight test
was to determine the static trim stability and control margins
while hovering in winds.

2.2.4.2 Method

Crosswind and tailwind hovering conditions were
simulated by flying the aircraft sideward (left and right) and
rearward in calm air. A calibrated pacer vehicle was used to
record speed as the aircraft was stabilized at various ground
speeds. Control positions, control forces and aircraft attitudes
were recorded at each stabilized speed.

2.2.4.3 Results

The results are summarized grAphically in Figures 48 and
49, Appendix I.

2.2.4.4 Quantitatixa Engineering Analysis

2.2.4.4.1 Sideward Flight

2.2.4.4.1.1 General

The sideward flight stability is determined by the
amount of stick and pedal required to balance the changing
moments about each axis as speed is varied in either direction.
The major changes in these moments with increased airspeed are
attributed to the variation in the pitch-fan and wing-fan
momentm drag change in the center of aerodynamic sideload on
the aircraft, vertical stabilizer, and change in lateral center
of wing, body, and fan lift. These moments are balanced by
vectored and modulated thrust from the wing and pitch fans and
aerodynamic loads on the rudder surface. The magnitude and
effectiveness of these moments are dependent on the direction
and speed of the translation.

2.2.4.4.1.2 Static Directional Trim Stability

The directional control requirement was nonlinear
with control reversals occurring during lateral translations both
to the right and to the left. From trimmed hover to 11.S knots,
the directional tri-n stability was nonlinear and negative with
right pedal required for right lateral translation and left pedal
required for left lateral translation. A reversal occurred in the
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directional control requirement at a speed of 11.5 knots, and the
stability was positive for all speeds up to the maximuns tested of
24.5 KCAS.The directional trim stability characteristics are
presented in Figure F

FIGURE F
SUMMARY OF FAN MODE STICK FREE

EFFECTIVE DIHEDRAL

Gross Wt v 10000 lb
Gear Down Collective Stick
Pressure Alt = 500) Position * 100% '8Up)

I I

The directional instability occurring about the
trimmed condition was attributed to the pitch-fan and engine-
inlet momentum drag. At speeds below 11.5 knots the magAitude
oi this momentum drag was svch that the resulting yawing moment
tended to turn the aircraft downwitid. Above 11.5 knots, the
positive yawing moment from the vertical stabilizer and the side
loads on the fuselage was of sufficient magnitude to cause a
tendency for the aircraft to turn into the wind. Recommendation
1.7.2e

2.2.4.4.1.3 Static Lateral Trim Stability

The lateral trim stability was positive and slightly

nonlinear over the speed range investigated. Increasing right
lateral stick was required with increasing right lateral trans-
lation. The maximum stabilized bank angle obtained during the
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test was 11 degrees at 24.5 knots to the left. The lateral trim
stability characteristics are illustrated in Figure G.

FIGURE G
SLJIflARY OF STATIC TRIM STABILITY

DURING SIDEWARD FLI(iT

Gear Down
Pressure Alt =5000 *Gross Wt =10000

~; 1~j -

2.2.4.4.1.4 Longitudinal Control Requirements

An increasing nose-up longitudinal pitching noment
was encountered as the airspeed was increased in either direction
from a stab~ilized hover. This condition dictated a requirement
for increasing forward longitudinal control displacement to main-
zain the desired attitude.

2.2.4.4 2 Low-Speed Forward and Rearward Flight

2.2.4.4.2.1 General

The low-spezd forward a~nd rearward flight stability

is determined by the longitudinal control required to balance
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the change in pitching moments as speed is varied from hover.
The change in pitching moments is attributed to the horizontal
stabilizer and change in wing, body, and fan center of lift.
The magnitude and direction of these pitching moments are
dependent on vector angle, direction of flight, and airspeed.
The change in pitching moment is balanced by the use of modulated
thrust from the nose fan and aerodynamic moments from the elevator.

2.2.4.4.2.2 Static Longitudinal Trim Stability

The longitudinal trim stability during low-speed
forward flight from a hover was positive with increasing forward
stick required as speed was increased. A near level attitude
during forward translation was maintained by the use of vectorangle
and longitudinal control. The longitudinal stick displacement
was nonlinear with a slight discontinuity between 12.5 knots
and 17 knots. The vector angle required to achieve the desired
speed was also nonlinear with the largest change occurrir.g
between hover and 10 knots.

The longitudinal trim stability during rear ard
flight was positive and slightly nonlineer a- spead was increased
from hover. The vector angle was constant during rearward flight
and the desired speed was achieved by application of longitudinal
control. The aerodynamic loads on: thh ho'izonta, stabilizer
resulted in a nose-up pitching moment which increasid with rear-
ward speed. This nose-up pitching moment as rearward speed
increased caused a reduction in aft longitudinal stick require-
ment and resulted in dacrtasad txim Ntabiliqy. Tne stability was
neutral at 18 knots.

2.2.4.4.2.3 Lateral an" Diect'..nal Coit':ol Requirements

The lateral and directional cnntrol requirements
during rearward f.liht were small. These small variations were
caused by the nonlinearities in the differential beta stagger
and differential beta vector schedule as a function of the
vector angle.

2.2.4.5 Pilot Qualitative Comments

2.2.4.5.1 Sideward and Rearward Fligh-Z

The following comments are based upon nne fliEht
limited by the then existing sideward and rearward flight
envelopes of 13 KCAS and 5 KCAS respectively. The test aii-:rait
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exhibited positive stick-free lateral stability during both leftand right sideward flight, To increase speed to either the left
or right required increased lateral stick forces in tae desired
direction. Directionally the aircraft tended to yaw away from
the direction of flight and required increasing corrective rudderforces as sideward airspeed was increased. In later contractor
conducted tests, a rudder forcc reversal was observed at 12.5knots. During rearward flight the aircraft exhibited posittve
stick-free lolngitudinal stability to the maximum KCAS rearward
flight investigated. No objectionable flight characteri "tics
were observed during these tests. A pilot opinion rating of 3.5was assigned to the sideward flight characteristics of the XV-5A
and a rating of 2.5 to the rearward flight characteristics.
Recommendation 1. 7.2e

2.2.5 FAN-?4OUV PYNAMIC STABILITY

2.2.S.1 Objectie

The objective of these tests was to determine the
dynamic stability characteristics of the XV-SA during FM flight.

2.2.5.2 MethoJ

The dynamic stability characteristics were evaluated byrecording the sircraft motions that resulted from pulse-type
control inputs. All control inputs were conducted without theaid of a control (free hand). Each input was accomplished byrapidly displacing the control along the desired axis, holding thecontrol in this position 1.0 second, then rapidly returning thecontrol to the approximate trim control position. This trim
position was then hold until the aircraft stabilized or recovery
action was necessary.

All tests were conducted with the stability augmentation
system (SAS) on atd operating at the contractor's recommended
gain settings.

Aerodynazic and fan control position, aircraft attitudes
and angular rates were recorded for each control input.

2.2.S.3 Result$

Test resIlts are presented graphically in Figures 50
through 6S , Appendix I.

63

I 1 64
1R4

- , 1... '$.411~~ . -,A,4.



2.2.5.4 Quantitative Engineering Analysis

2.2.5.4.1 General

The dynamic stability characteristics are determined
by the damping moments contributed by the fans, wing, vertical
and horizontal stabilizers, and SAS in addition to the static
stability influences previously discussed. Damping from the fans
about any axis is influenced by both the trim airspeed and power
required characteristics. The change in relative inflow velocity
and direction results in a different flow through the fans with
attendant changes in damping. The conventional aerodynamic
damping from the wings, vertical and horizontal stabilizers is
sensitive to both airspeed rate and angle of attack. The SAS is
the most significant contributor to the stability characteristics.
The SAS senses a rate and applies an opposing moment by adjusting
the pitch-fan door and wing-fan louver positions. The magnitude
of the SAS input is dependent upon the magnitude of the rate. The
direction of the input opposes the aircraft motion. For roll, an
additional signal is put in from the quasi-integration of the rate.
The SAS authority is constant for all FM flight conditions and the
gain for controls centered remains constant. Although the SAS
input per unit of rate is constant, the damping is not a constant
value since pitch-fan door and wing-fan louver effectiveness vary
with flight condition.

2.2.5.4.2 Dynamic Longitudinal Stability

The dynamic longitudinal stability characteristics
were similar for all airspeeds and flight conditions evaluated.
Any variations in stability characteristics with airspeed were
masked by the strong SAS damping. Following an aircraft
disturbance, the SAS immediately opposed any rate. The SAS lag
was apparently less than the instrumentation lag and the time
could not be established from the data.

The strong, sensitive SAS effectively damped the
rate to zero within 1/2 cycle. A small characteristic over-shoot
occurred but no residual oscillations were experienced. rhe
attitude returned to trim and no significant airspeed changes
were noted. No significant normal acceleration changes were
present for pitch rate disturbances as high as 8 deg/second.

No apparent dynamic coupling was present during the
tests, and at no time was the aircraft control-limited during
the recovery maneuver.

The longitudinal dynamic stability in a hover with
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the SAS off was heavily damped with the pitch rate being damped

to zero within 1/2 cycle.

2.2.5.4.3 Dynamic Lateral-Directional Stability

A lateral disturbance resulted in a "deadbeat" to
highly damped lateral oscillation for all speeds below 75 KCAS.
In all cases the rate was damped to zero within one cycle. The
strong SAS damping compensated for any variations in basic air-
craft stability. At 85 KCAS the SAS was relatively ineffective,
aircraft stability was weak and the rate was a lightly damped
lateral oscillation with a period of 2 seconds. In all cases
the resulting roll angles were small and the aircraft returned
to trim attitude.

Directional coupling was present for all airspeeds.
This coupling was small, highly damped and complementary to the
rolling motion in all cases.

SAS off, a lateral pulse input in a hover resulted in
a neutrally damped rolling oscillation. Lateral corrective control
input requirements to the resulting aircraft motion were
immediate and unpredictable in direction and in magnitude.
These lateral inputs continuied until the aircraft retirned to
a wings-levcl condition.

2.2.5.4.4 Dynamic Directional Stability

Dynamic directional stability was positive during
hover. The rate was damped to zero within 1/2 cycle. The air-
craft yawed in the direction of the disturbance, then stabilized
at some now heading. A small adverse roll rate was experienced,
but no apparent bank angle resulted.

The dynamic directional stability was positive in
level flight. The strong SAS provided very high damping with
resulting strongly positive stability at airspeeds from 30 to 52
KCAS. No significant lateral-directional coupling occurred. At
52 KCAS the motion was a lightly damped, comple~mentary roll and
yaw oscillation with a period of approximately 3 seconds. The
aircraft returned to the trim within 2 cycles. This weak stability
was caused by reduced SAS effectiveness and lack of aerodynamic
damping. As airspeed was increased to 70 KCAS, stability improved.
Although the SAS effectiveness decreased with speed, the aero-
dynamic surfaces became more effective and resulted in an overall
improvemen~t in the stability characteristic.

A directional disturbance with the SAS off during a
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hover resulted in a heavily damped oscillation. The yawing motion

was very similar to the SAS-on dynamic directional stability.

2.2.5.5 Qualitative Pilot Comments

2.2.5.5.1 Dynamic Longitudinal Stability

Within the alpha range of -2 to +5 degrees, longitudinal
disturbances were well damped from hover to maximum FM speed
although the initial trim attitude was not always re-established.
A pilot opinion rating of 2 was assigned to these characteristics.
Typically there was a small characteristic overshoot with no
residual oscillations. Qualitatively the observed longitudinal
disturbances were well damped over the entire fan-mode airspeed
envelope. A pilot opinion rating of 2 was assigned to these
characteristics.

2.2.5.5.2 Dynamic Lateral-Directional Stability

No coupling of lateral-directional oscillations existed
as a result of pulse disturbances of the lateral or directional
control in hovering flight. At speeds above 30 knots, lateral
disturbances showed well damped rate response although the trim
bank angle was rarely re-achieved. Lateral gust sensitivity was
fairly high in turbulence and some over-control occurred.
Directional disturbances at speeds above 30 knots caused an
increasing amount of roll coupling. Pulse disturbances showed
good rate damping; this was weakest in the mid speed range and
strongest at 90 knots. Directional gust sensitivity was high and
resulted in considerable lateral coupling. The safe flight
attitudes were not difficult to maintain in turbulence, but
accurate data acquisition was impossible even in light turbulence.
In hovering flight the SAS system was extremely effective in
compensating for either turbulent air or self-induced disturbances.
Pilot control inputs were required only to adjust aircraft attitude
for positioning over the ground. A pilot opinion rating of 3.5
was assigned to these characteristics.

2.2.5.5.3 Dynamic Directional Stability

The dynamic directional stability was positive in a
hover. The aircraft yawed in the direction of the disturbance and
then stabilized at some new heading.

The dynamic directional stability was positive in level
flight with the SAS providing very high damping at airspeeds
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between 30 and 49 KCAS. At 52 KCAS the motinn was a lightly
damped, complementary roll and yaw oscillation with A period of
approximately 3 seconds. The weak stability was caused by reduced
SAS effectiveness and lack of aerodynamic damping. As airspeed
was increased to 70 KCAS the stability improved. A pilot opinion
of 3 was assigned to these characteristics.

2.2.6 FAN-MODE CONTROLLABILITY (SAS ON)

2.2.6.1 Objective

The objective of the controllability tests was to
determine the angular accelerations and rates that result per
inch of control input during FM operation.

2.2.6.2 Method

The controllability was evaluated by recording the motions
that resulted from step-type inputs. All control inputs were
accomplished free hand without the aid of a control fixture. The
step inputs were accomplished by rapidly displacing the control to
the desired position, then holding this position until maximum rate
was reached or recovery action was necessary. The magnitude of the
step inputs was varied and the tests were conducted about each
control axis.

All tests were conducted with the SAS on and operating at
the contractor's recommended gain settings.

Aerodynamic and fan control positions, aircraft attitudes,
and angular rates were recorded for each control input.

2.2.6.3 Results

Test results are presented graphically in Figures 66
through 85 , Appendix I.

2.2.6.4 Quantitative Engineering Analysis

2.2.6.4.1 Longitudinal Controllability

2.2.6.4.1.1 General

The longitudinal controllability characteristics are
established by pitching moments from the control input and the
opposing inertia and aerodynamic damping moments from the aircraft
as well as the input from the SAS to the pitch-fan doors. A
reduction in SAS rate gain occurs for longitudinal stick displace-
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ment beyond approximately 1 inch from trim. The movement of the
pitch-fan doors changes the pitch-fan thrust; this results in a
pitching moment in the direction of the longitudinal control
input. Since the pitch-fan door and longitudinal stick relation-
ship is influenced by the vector angle, the resulting pitching
moment per inch of control input decreases automatically with
increased vector angle and changes the controllability character-
istics. The conventional control system is operative and the
elevator deflection per inch of longitudinal stick travel is
linear and constant during FM flight. The elevator effectiveness!i!• increases with airspeed and provides longitudinal control moments

which are additive to the pitch-fan moments.

2.2.6.4.1.2 Longitudinal Control Sensitivity

Longitudinal control sensitivity (maximum acceleration
per inch of stick deg/sec 2 /inch) occurred quickly and was primarily
dependent upon the magnitude of the initial pitching moment and the
aircraft moment of inertia. The initial pitching moment variation
at low speed was most significantly influenced by the pitch-fan
door/vector angle relationship. The pitching acceleration contribu-
tion of the elevator increased with increasing airspeed.

The longitudinal control sensitivity varied non-
linearly with airspeed. Maximum pitching acceleration was reached
in approximately .35 seconds for all conditions tested. The
magnitude of the longitudinal sensitivity in a hover varied
slightly with collective stick position. The control sensitivity
during hover at 30-percent collective was 6.0 deg/sec 2/inch and
increased to 7.6 deg/sec 2/inch for a collective setting of 70
percent. This increase in acceleration may be caused by
repositioning of the pitch-fan doors as collective stick was raised
(Reference Figure 6'6,, Appendix I).

The envelope limited level flight testing to airspeeds
below 30 knots indicated airspeed (K.IAS). The longitudinal control-
lability, therefore, was investigated between 43 and 70 KCAS with
the gear down and the protective heat shield installed. The
longitudinal sensitivity at 43 KCAS was S.0 deg/sec 2/inch for an
aft input and 6.0 deg/sec 2/inch for a forward input. The maximum
acceleration per inch of stick then increased nonlinearly with
speed and reachedl4.6deg/sec 2 for a forward input, and 13 deg/sec 2

for an aft control motion at an airspeed of 70 KCAS. The increase
in acceleration with increasing airspeed was attributed to tha
greater elevator effectiveness.

2.2.6.4.1.3 Longitudinal Control Response

The longitudinal control response (maximum rate per
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inch of stick input dog/sec/inch) was primarily dependent upon
the rate damping of the SAS. Following the development of the
rate, the SAS provided an opposing moment which tended to reduce
the rate to zero. This opposing SAS input (degree/Spfd/deg/3ec)
to the pitch-fan control system was the samte for all vector angles.

An initial angular velocity occurred within .1
second and was in the same direction as the control motion. The
angular velocity then increased in a normal manner and became
concave downward approximately .35 seconds following control input.
The time required to reach the maximum rate was,.70 seconds for all
conditions tested. The aircraft was generally more responsive to
a forward step then to an aft step for all conditions except a
hover.

During a hover, the longitudinal response was the same
for both a 30- and 70-percent collective setting. The magnitude of
this response was 2.4 deg/sec/inch. The same maximum rate value
for the two collective settings was attributed to the high SAS
damping.

In level flight the control response was essentially
the same from 43 to 70 KCAS. Although the acceleration per inch
of stick increased with airspeed, the SAS response provided greater
damping which prevented a rate buildup with airspeed.

The magnitude of the control response for this air-
speed range was 3.0 deg/sec/inch for a forward step and 2.4 deg/
sec/inch for an aft input.

2.2.6.4.1.4 Angular Pitch Displacement

Aerodynamic moments from the horizontal stabilizer
aided the SAS in opposing the control input. The magnitude of
these aerodynamic moments increased with airspeed,.

The angular pitch displacement (dog/inch) was the same
for hover and forward flight. In all cases the longitudinal
control input caused a pitch attitude change in the proper
direction. The angular displacement continued to increase until
recovery action was necessary. The pitch displacement in a hover
for 30- and 70-percent collective control (up) was 2 dog/inch at
1.0 second after control input. The angular pitch displacement
between 43 and 70 KCAS was a constant 2.3 dog/inch for a forward
input and 1.7 deg/inch for an aft step at 1.0 second following
control input.
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2.2.6.4.2 Lateral Controllability

2.2.6.4.2.1 General

The rolling moments from a lateral control input and
the opposing inertia and aerodynamic damping moments from the
aircraft establish the inherent lateral controllability. The
total lateral controllability is also affected by the opposing
rolling moments from the SAS inputs to the wing-fan louvers.
Following a control input, the movement of the wing-fan louvers
produces a differential thrust which results in a rolling moment
in the direction of the lateral control input. The rolling
moment per inch of control input attributed to the wing fans
decreases as vector angle is increased. This decrease in fan
rolling moment results from the wing-fan lateral controls' being
phased out by the mechanical mixer box as vector angle is
increased. The conventional control system is operative during
FM flight and the aileron deflection per inch of lateral stick
travel is constant. The rolling moment contributed by the
aileron increases with increasing airspeed.

2.2.6.4.2.2 Lateral Control Sensitivity

Lateral control sensitivity (maximum acceleration
per inch of stick deg/sec 2 /inch) was primarily dependent upon
the magnitude of the initial rolling moment and the aircraft
moment of inertia. Peak acceleration occurred almost immediately
and was not affected by rate of aerodynamic damping. The maximum
rolling acceleration at low airspeeds was influenced by the wing-
fan lateral control/vector angle relationship. The rolling moment
resulting from the ailerons increased with airspeed.

The lateral control sensitivity was positive and
nonlinear with airspeed variation. The same maximum acceleration
was exhibited for both right and left lateral inputs. The lateral
control sensitivity in a hover varied with collective stick
position. The sensitivity was 12 deg/sec 2 /inch at 30-percent
collective and 17.7 deg/sec 2 /inch for a 70-percent collective
setting. The maximum control sensitivity in level flight occurred
at 30 KCAS with a value of 18 deg/sec 2 /inch. The angular acceler-
ation then decreased with airspeed and reached a minimum sensitiv-
ity of IS deg/sec 2 /inch at 58 KCAS. This decrease in lateral
sensitivity with airspeed was attributed to the phasing out of the
FM lateral control while the ailerons were still not effective.
Above 58 KCAS, the sensitivity then increased slightly to a value
of 15.8 deg/sec 2 /inch at 70 KCAS. This increase in rolling
acceleration was attributed to the increased aileron effectiveness
at speeds above 58 KCAS.
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2.2.6.4.2., Lateral Control Response

The lateral control response (maximum rate per inch cf
stl.; input deg/se'-/inch) was primarily dependent upon the rate
damping from the S'S. The SAS provided an opposing moment which
tended to rrduce any ro.l rate to zero. The opposing mechanical
SAS input ,-egrees Bs/deg/sec) to the wing-fan coistrol system was
the same for any vector angle position. However, since wing-fan
control effectiveness decreased with airspeed, the SAS response
opposing the rate was also effectively decreased with increasing
airspeeds. The aerodynamic damping from the aircraft also aided
in ceducing the roll rate as airspeed was increased. The SAS
gain setting for fan-mode operations were the same for all flight
conditions.

There was no excessive delay in the development of
angular velocity in response to a lateral control input. The
opposing SAS input was almost immediate after the roll rate was
developed. The time required to reach maximum roll rate was
ar'-roxirately 1.0 second and the lateral control response was the
same for looth left and right control inputs.

The collective stick position had an effect on the
lateral control response during a hover. With the collective
stick at 30 percent of full up, the maximi roll rate was 4.0 deg/
sec/inch, while a 70-percent collective setting produced 5.8 deg/
sec/inch. This increased response resulted from the increased
stagger effectiveness with collective stick position.

The control response for level flight at 30 KCAS was

6.5 deg/sec/inch and decreased slightly to 6.0 deg/sec/inch as
airspeed was increased to 60 KCAS. As airspeed was further
increased trc 70 ..ots the maximum roll rate per inch of stick
increased tc 6.4 deg/second. This increase in reýpor! at
higher speeds was caused by r..duced SAS damping and increased
aileron effectiveness.

A longitudinal-directional coupling (right yaw and
a pitch-up follcwing a right lateral step) was present for all
flight conditions. This coupling became stronger as airspeed was
increased

2.2.6.4.2.4 Augular Roll Displacement

The roll attitude resulting from a step input was

determined by the magnitude of the rate and the time the rate was

applied to the aircraft. Aerodynamic roll damping from the air-

craft aided the SAS in opposing the control input. The magnitude
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of these aerodpamic momei•ts increased with airspeed.

The angular roll displacement (deg/inch at 1 second)
resulting from a lateral step input occurred and was in the
proper direction. The bank angle continued to increase until an

opposing stick input was used for recovery. The roll displacement
during a hover varied with collective control position. For a
collective stick position of 30 percent bank angle reached was
1.7 deg/inch and for a collective positloF of 70 percent the roll
displacement increased to 3.0 deg/inch. At an airspeed of 30
KCAS the angular roll displacement was 2.8 deg/inch and increased
slightly to 3. 3 deg/inch at an airspeed of 70 KCAS.

2.2.6.4.3 Directional Cont ollability

2.2.6.4.3.1 General

The directional controllability characteristics are
established by the yawing moments from the pedal input and the
opposing inertia and aerod;iiamic moments from the aircraft as well
as the input from the SAS to Zhe wing-fan louvers. The movement
of the wing-fan louvers increases or decreases the horizontal
thrust from each wing fan and results in a yawing moment in the
direction of the pedal input. The yawing moment per inch of
pedal input decreases with increasing vector angle. This decrease
in yawing moment is caused by the mechanical mixer box which varies
the wing-fan directional control with vector angle changes. The
conventional directional control system is operative during fan-
mode flight. The yawing moment from the rudder increases with air-
speed.

2.2.6.4.3.2 Directional Control Sensitivity

Directional control sensitivity (maximum acceleration
per inch of pedal deg/sec 2 /inch) was primarily dependent upon the
magnitude of the initial yawing moment and the aircraft moment of
inertia. At low airspeeds the resulting maximum yawing acceleration
was from a combination of wing-fan yawing control and vector angle
relationship. The yawing moment from the aerodynamic rudder became
predominant as rudder effectiveness increased with airspe'd while
the fan controls became progressively weaker with higher vector
angles.

The directional control sensitivity was positive and
nonlinear with airspeed. The angular acceleration was immediate
and in the proper direction following a pedal input. The collec-
tive stick position affected the control sensitivity during hover.
The magnitude of the sensitivity varied from 6 deg/sec 2 /inch to
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7 deg/sec 2/inch for a collective setting of 30 to 70 percent
respectively. The minimum control sensitivity during level flight
was 8 deg/sec 2 /inch and occurred at an airspeed of 30 KCAS. In
this area the low sensitivity was caused by the decreased yawing
moment from the fan controls and relatively low rudder effective-
ness. The yawing moments from the aerodynamic rudder predominated
as airspeed was increased above 40 KCAS. This increased rudder
effectiveness caused the control sensitivity to increase non-
linearly with airspeed and reach a value of 10.5 deg/sec 2/inch at
70 KCAS. Recommendation 1.7.3e

The time required to reach maximum angular accelera-
tion was .45 seconds in both directions for all forward flight
conditions tested.

2.2.6.4.3.3 Directional Control Response

The directional control response (maximum rate per
inch of stick input deg/sec/inch) was primarily dependent upon
the rate damping from the SAS and the vertical aerodynamic
stabilizer. The SAS provided an opposing moment which tended to
reduce the yaw rate to zero. The opposing mechanical SAS input
(degrees/deg/sec) to the wing-fan control system was the same f'r
any vector angle position. Although mechanically the same, the
SAS damping was effectively decreased with airspeed since wing-
fan control effectiveness decreased with increasing vector angle.
The aerodynamic damping from the aircraft also aided in reducing
the yaw rate as airspeed was increased.

A directional step control input resulted in an
immediate angular velocity in the proper direction. The opposing
SAS input closely followed the yaw rate. The control response
was the same for either a right or left step input.

The maximum directional control response in a hover
could not be quantitatively measured. Although the pedal input
was held for approximately 3 to 6 seconds, the yaw rate continued
to increase with the maximum not occurring before recovery action
was necessary. For this reason, the yaw rate was measured at 1
second after the control input. The angular velocity in a hover
varied with collective control position. By increasing the
collective from 30 to 70 percent, the maximum rate varied from
3.5 deg/sec/inch to 5.8 deg/sec/inch respectively. Recommendation
1.7.3e

The time required to obtain the maximum yaw rate in
level flight varied from 1.4 seconds at 30 KCAS to .85 seconds
between 55 and 70 KCAS. The maximum control response was 4.7 deg/

74



Bq

sec/inr,'i at an airspeed of 30 KCAS. The higher directional damping
from the vertical stabilizer decreased the maximum yaw rate as
airspeed was increased above 30 KCAS. This increased damping
resulted in a directional control response to 3.0 deg/sec/inch at
70 KCAS.

A longitudinal-lateral coupling was present for all
level flight conditions. The resulting motion for a pedal step
input was a yaw and roll in the direction of pedal input followed
by a pitch up. The coupling became stronger as airspeed was
increased.

2.2.6.5 QualitativeiPilot Comments

During hover operations above 10-foot wheel height with
SAS at test settings (See Appendix I I the controllability
characteristics were excellent. Results of dynamic steps and
pulses about the 3 axes showed the SAS to be a very effective
system. During hover operations below 10 feet an evaluation of
controllability characteristics was not possible due to the
problem area discussed in Paragraph 2.4.1.5. Although not
quantitatively documented, there existed a severe degradation of
lateral fan-mode control power with application of full-up lift
stick. This lift-stick position - lateral control coupling
characteristic was unsatisfactory and requires correction. The
fan-mode controllability characteristics observed for the 30
KIAS - 80 KIAS airspeed range enhanced the XV-SA flying qualities.
Some control looseness was noted in this regime; however, no
objectionable characteristics were observed during this portion
of the evaluation. A pilot opinion rating of 3 was assigned to
the fan-mode controllability characteristicis observed during
this evaluation. Recommendation 1.7.3e

2.2.7 FAN-MODE AIRSPEED CALIBRATION

Photo 8- XV-SA In Fan-Mode Configuration at SO knots
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2.2.7.1 Objective

The objective of the tests was to determine the air-
speed position error of the nose-boom (low-airspeed) system
during fan flight.

2.2.7.2 Method

The airspeed calibration of the low-airspeed system was
accomplished by flying formation with a calibrated pace helicopter.
The aircraft was calibrated over an approximate indicated airspeed
range of 30 to 85 knots, at angles of attack of -2, zero and +5
degrees. These tests were conducted out of ground effect at an
average altitude of 5800 feet.

2.2.7.3 Results

Test results are presented graphically in Figure 86,
Appendix I.

2.2.7.4 uantitative Engineerin Analysis

The nose-boom (low-airspeed) system indicated low for
all airspeeds between 30 and 85 KIAS. The position error was
linear with a value of 3 knots. This position error was constant
for an angle of attack range of -2 to +5 degrees.

The wing-boom (high-airspeed) system was not reliable
at airspeeds below 80 KIAS. This system, therefore, was not
calibrated for FM flight,

Additional testing is required to determine the effect

of climbs and descents on the position error.

2.3 JET-MODE STABILITY AND CONTROL

2.3.1 JET-MODE LONGITUDINAL TRIM CHANGES

2.3.1.1 Objective

The objective of these tests was to investigate the longi-
tudinal trim characteristics resulting from various inflight con-
figuration changes.

2.3.1,2 Method

The longitudinal trim changes were evaluated by first trim-
ming the test aircraft in a selected flight condition and configur-
ation. This configuration was then changed and the control movements
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Photo 9- XV-5A In Jet-Mode

required for the trim change were recorded. These changes included
gear position, flap setting$ power condition and pre-conversion con-
figuration. Data were recorded at the stabilized trim condition and
during the transitory motion resulting from the configuration change.

2.3.1.3 Results

Test results are presented in Table 2, Section 2.

2.3,1.4 Quantitative Engineering Analysis

The magnitude and rate of trim change were easily trimmed
by use of the horizontal stabilizer. No measurable lateral or dir-
ectional coupling was encountered during any of the longitudinal
trim change tests. The findings of the longitudinal trim change
tests are summarized in Table 2.

Many of the longitudinal trim change tests could not be
conducted because the required power setting resulted in heating in
the right wing-fan area. This characteristic was unsatisfactory and
should be corrected. Recommendation 1.7.1f

2.3.1.5 Qualitative Pilot Comments

As shown in Table 2, all configuration changes concerned
with flap retraction or flap extension resulted in longitudinal
control stick forces in excess of 10 pounds. The longitudinal
forces encountered were easily trimmed off by repositioning of
the horizontal stabilizer, which had a trim rate of .4 dog/second.
The longitudinal stick forces observed during these tests,
although not objectionable due to the retrim characteristics,
exceeded the maximum allowable forces specified in Paragraph 3.3.19
of MIL-F-8785 (ASG). A pilot opinion rating of 3 was assigned to
the observed longitudinal trim change characteristics of the XV-SA.
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2,3.2 JET-MODE STATIC LONGITUDINAL STABILITY

2.3.2.1 Objective

The objective of these test.4 was to evaluate the static
trim stability, the static longitudinal stability, and the hori-
zontal stabilizer trim effectiveness.

2.3.2.2 Method

The static trim stability was investigated by stabilizing
at the desired airspeed and then trimming the aircraft for zero
forces. At this trimmed condition, the attitude, angle of attack,
stabilizer position and control positions were recorded.

The static longitudinal stability was evaluated by stabil-
izing and trimming the aircraft for hands-off flight. Then with
engine power and trim controls fixed, airspeed was varied through a
specified range by use of the longitudinal stick. At each stabilized
point about the trim airspeed, the control force, control position,
angle of attack and attitude were recorded.

The horizontal stabilizer trim effectiveness was investi-
gated by stabilizing and trimming the aircraft at the desired trim
airspeed. Then a constant airspeed was maintained, and the hori-
zontal stabilizer was changed to various out-of-trim positions. At
each of these conditions, the stick force, stick position, angle of
attack and pitch attitude were recorded.

2.3.2.3 Results

Test results are presented graphically in Figures 87 through
94, Appendix I.

2.3,2.4 Qu~antitative Engineering Analysis

2.3,2.4.1 Static Longitudinal Trim Stability

For cruise (CR) configuration, the static longitudinal
trim stability was positive for an airspeed range of 102 to 330 KCAS
and sufficient trim was available to maintain zero stick forces. For
this airspeed range, the horizontal stabilizer position varied from
2.7 to .5 degrees leading, edge down. The trim stability was neutral
for the full-flaps configuration. At an airspeed of 120 KCASO an
additional 2.5 degrees of leading-edge-down horizontal stabilizer
trim was required for the flaps-down conditions. The trim angle
of attack was reduted approximately 6 degrees by the flap extension.
Recommendation 1.7.2f

Longitudinal trim stability was positive at airspeeds
above 105 KCAS for PC configuration. At 100 KCAS, the trim require-
ment was similar to that in flaps-down. gear-up configuration. The
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trim required decreased rapidly with increasing airspeed and above
150 KCAS approached that required for flaps-up configuration. The
data showed similar characteristics for both gear-up and gear-down
PC configurations and is graphically illustrated .n Figure I
Recommendation 1.7.2.f.

FIGURE I
SUMMARY OF JET MODE

STATIC TRIM STABILITY

-- Gear Up •nFlaps Up s 5Gross Wt l 00 b

...--.1-~~~Pre-Conversion -Fas 4 e

. Gear Up or Down . Gross Wt = 10350 lb
-.... - -" GerUAppr ach •ap ,, d

2.3.2.4.2 Static Longitudinal Stability

The longitudinal stability, stick-fixed and stick-free,
was positive with aft stick displacement and pull stick force re-
quired to decrease airspeed. At airspeeds below 140 KCAS the
longitudinal stick displacements and forces required to vary air-
speed about the trim point were nonlinear. No significant lateral
or directional displacements or forces were required as airspeed
was varied from trim.

Stability characteristics for airspeeds below 120 KCAS
are presented in Paragraph 2.3.3. Jet-Mode Stall Characteristics.
The excessive structural heating encountered at high engine power
(Paragraph 2.3.1.4) prevented obtaining data at airspeeds above
330 KCAS.
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2.3.2.4.2.1 Stick-Fixed Longitudinal Stability

The stick-fixed longitudinal stability gradient d63e/dv
was positive and nonlinear over the airspeed range tested in CR
configuration. The stability became less positive as trim airspeed
was increased above 120 KCAS. Extrapolation of the test data, how-
ever, indicated that the stick-fixed stability would remain slightly
positive at all airspeeds up to the maximum airspeed limit, Lower-
ing the flaps to the full-down position resulted in a lower sta-
bility at an airspeed of 136 KCAS.

The stick-fixed stability gradient was positive and
nonlinear for PC configuration for an airspeed range of 104 to 163
KCAS. The stability increased with airspeed from 104 KCAS and
reached a maximum at 150 KCAS. At 150 KCAS a reversal occurred and
increased airspeed resulted in a lower stability level. The landing
gear position did not significantly affect the stick-fixed stability
in PC configuration. The stick-fixed stability characteristics for
3M9 CR and PC configurations are graphically summarized in Figure J

FIGURE J
SIMIARY OF JET MODE STICK FIXED

STATIC LONGITUDINAL STABILITY

PRE-Conversi on Configuration CRUISE Confi gurati 0,
Gear Up or Dowin Gear Up
Pressure Alt a 5000 ft Pressure Alt - 10000 ft
Gross Wt *104M' lb Gross Wt 10200 lb

PRE CQNV&iR~fQN_.__.

-CRUI6SZ

2.3.2.4.2.2 Stick-Free Longitudinal Stabi.Litz.

The stick-free longitudinal stability gradient dF*,/dv
was positive and nonlinear over the airspeed range investigated for
CR configuration. The stability gradient varied from .11 pounds/
knot to .04 pounds/knot at 134 and 330 KCAS respectively. Extrapo-
lation of test data indicated that the stick-free stability might
become neutral at 345 KCAS and might be negative at higher speeds.
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Lowering the flaps from up to full down had a destabilizing effect
on the stick-free stability.

The stick-free longitudinal gradient for PC configur-
ation varied from .11 pounds/knot at 105 KCAS to .25 pounds/knot
at 156 KCAS. The stick-free stability characteristics were similar
to the stick-fixed stability characteristics and were positive and
nonlinear throughout the airspeed range. The stick-free stability
characteristics for JM, CR and PC configurations are presented in
Figure K.

FIGURE K

SUI41ARY OF JET MODE STICK FREE
STATIC LONGITUDINAL STABILITY

PRE-Conversion Confiquration CRUISE Confiquration
Gear Up or Down Gear Up
Pressure Alt a 5000 ft Pressure Alt a 10000 ft
Gross Wt - 10400 lb Gross Wt = 10200 lb

SiF PRE-CONVERSION

SCRUIGE

0I

CalibratedAiped- -

2.3.2.4.3 Horizontal Stabilizer Trim Effectiveness

The horizontal stabilizer trim effectiveness tests
demonstrated sufficient authority to trim the aircraft for any
change in pitching moment with configuration change. The trim-
mable stabi, .er had the capability of providing nose-down
pitching moments which could not be overcome with the elevator
power a-ailable. Longitudinal stick rcquired with stabilizer
position change was linear and the maximum value of .68 in/deg
occurred at a trim airspced of 155 KCAS. Figure 94, Appendix I,
illustrates the naxirnum stabilizer position that can be overcorme
with -he maximum longitudinal stick travel.
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The stick-force change with stabilizer angle was non-
linear with an increasing gradient as the departure from trim be-
came greater. The force gradient increased with trim airspeed and
varied from 3 pounds/degree at 105 KCAS to 8.5 pounds/degree at
155 KC.AS.

2.3,2.5 Qualitative Pilot Comments

2.3.2.5.1 Static Longitudinal Stability (Pilot Opinion Rating: 3)

Shallow positiv.4 stick force gradients and large trim
bands about the trim airspeeds described the typical static longi-
tudinal stability characteristics in PC and CR configurations.
These characteristic3, more pronounced in PC configuration, were
not objectionable and provided satisfactory speed control for "smooth
air" test conditions. Any further XV-SA testing should include
similar tests conducted under turbulent flight conditions. The
reversible longitudinal control system was not objectionable ffor
airspeeds below 250 KIAS. During flights conducted at airspeed$
above 250 KIAS, the longitudinal control stiffness was disconcerting.
A pilot opinion rating of 3 was assigned to the jet-mode static
longitudinal stability characteristics. Recommendation 1.7.3f

2.3.2.5.2 Longitudinal Trimmability (Pilot Opinion Rating: 4)

The horizontal stabilizer was an extremely effective
longitudinal trim control. At 140 KIAS in PC configuration a
4-degree "off-trim" horizontal stabilizer position resulted in a
30-pound control stick force to maintain level flight. To provide
for a "runaway trim" situation, the pilot was alerted of hori-
zontal stabilizer movement, either requested or unrequested, by
cockpit visual and aural signals. During this evaluation two
horizontal stabilizer trim rates were investigated. The ..'-deg/
second trim rate was too slow at airspeeds less than 150 KIAS and
.4-deg/second trim rate was too fast at airspeeds above 250 KIAS.
To eliminate this shortcoming. a variable trim rate device should
be incorporated in the longitudinal control system. A pilot
opinion rating of 4 was assigned to the jet-mode longitudinal
trimmability characteristics. Reconmmendation 1.7.2f

2.3.3 JLT-MOVE STATIC LATE RAL-DI RECTIONAL STABILITY AND FUFFiECTIVE
DIHEDRAL

2.3.3.1 Ojetv

The objective of the static lateral-directional stability
tests was to determine the static-directional stability arid the
effective dihedral throughout the jet-miode flight envelope.
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2.3.3.2 Method

The static lateral-directional stability and effective
dihedral were evaluated by recording the control forces, control
displace-ments and resulting bank angle required to produce a given
sid'esiip angle, Te aircraft was st:.iiized at the desired air-
speed and at various constant-heading sideslips. At each stabilized
point data was recorded.

Static directional stability was determined from the
relationship between pedal position and angle of sideslip. Effective
dihedral was determined from lateral control variation with sideslip
angle.

2.3.3.3 Results

Test results are presented graphically in Figures 95
through 104 , Appendix I.

2.3.3.4 Quantitative Engineering Analysis

2.3.3.4.1 Static Directional Stability

The static directional stability characteristics were
positive (rIght pedal required for left sideslip) for all conditions
tested. The pedal displacement required as sideslip was varied
about the trim point was symmetrical and generally linear.

2.3.3.4.1.1 Pedal-Fixed Static Directicnal Stability

The pedal-fixed directional stability gradient was posi-
tive fur all coaiditions tested in CR configuration. This stability
gradient becsme more positive and was slightly nonlinear as airspeed
was increased from 133 KCAS to 325 KCAS. At 325 KCAS, extrapolation
of the test date shows h maximum sideslip angle of approximately 5
degrees for full-pedal deflection. At 150 KCAS the static direc-
tional stability was unchanged by a full-flap extension.

The pedal-fixed stability was positive for PC configur-
ation. The stability was nonlinear with airspeed and the maximum
positive stability gradient occurred at 122 KCAS. The stability
gradient then decreased with airspeed but remained positive for
airspeeds up to the maximum PC speed limiz. No change in the
stability gradient with the gear position was noted. The pedal-
fixed stability characteristics are presented in Figure L

2.3.3.4.1.2 Pedal-Free Static Directional Stability

The pedal-free static directional stability gradient
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FIGURE L
SU?.HARY OF JET MO)DE PEDAL FIXED

STATIC DIRECTIONAL STABILITY

PRE-Conversi on Configqurati on CRUISE Confi qurati on
Gear Up or Down Gear Up
Pressure Alt a 5200 ft Pressure Alt - 9500 ft
Gross Wt - 10300 lb Gross Wt 10000 lb

PRE -CON VSRSION

Calibs~A rsped -. -oKA

dFr/dB was positive and linear for CR configuration. The gradient
increased rapidly with airspeed and varied from ]12 pounds/degree at
133 KCAS to 60 pounds/degree at a speed of 325 KCAS.

In pre-conversion the pedal-free stability was positive
at all speeds. The stability gradient varied in a nonlinear manner
from 3.0 pounds/degrec at 102 KCAS to 18 pounds/degree at 135 KCAS.
A further increase in airspeed resulted in a slight decreas23 in the
gradient. The stability was not significantly influenced by tl~e
gear position. The pedal-free static directional stability for jet-
mode is graphically presented in Figure MI.

FIGURE M
SLRIARY OF JET MODE PEDAL FREE

STATIC DIRECTIONAL STABILITY

PRE-Conversl on Confi qurati on CRUISE Configuration
Gear Up or Down Gear Up
Pressure Alt - 5200 ft Pressure Alt w 9500 ft

LGross Wt 10300 lb Gross Wt *10000 li.

PRE-CONVER6ION
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2,3.3.4.2 Effective Dihedral

The effective dihedral was generally positive with in-
creasing lateral stick displacement and force required to increase
the constant-heading sideslip angle. The lateral control and force
requirements were linear as sideslip angle was varied from trim.
A degradation in the stick-free characteristics resulted from the
flaps being lowered to 100 percent.

2.3.3.4.2.1 Stick-Fixed Effective Dihedral

The stick-fixed dihedral effect gradient d6sa/da was
positive and nonlinear for all conditions tested. The magnitude
of the stick-fixed gradient in CR configuration was essentially
constant for an airspeed range from 133 KCAS to 325 KCAS. The
stability became more positive when the flaps were lowered to 100
percent. This increase in stability may have been influenced by
the -15 degrees of aileron droop with flap extension. The stick-
fixed effective dihedral stability is graphically summarized in
Figure N•

FIGURE N
SIJMMAY OF JET MODE STICK FIXED

EFFECTIVE DIHEDRAL

PRE-Conversion Configuration CRUISE Confiquration
Gear Up or Down Gear Up
Pressure Alt - 5200 ft Pressure Alt = 9500 ft
Gross Wt - 10300 lb Gross Wt 10000 lb

PE-CONVERSION CUS

2.3.3,4.2.2 Stick-Free Effective Dihedral

The stick-free dihedral effect gradient dFa/dB was
slightly positive to neutral for CR configuration. The magnitude
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of the stick-free gradient varied from .15 pounds/degree at 133
KCAS to neutral at 220 KCAS. The stability then increased grad-
ually to a value of .3 pounds/degree at 325 KCAS. The stability
was negative with flaps down at an airspeed of 150 KCAS.

In PC mode the stick-free stability was a positive
0.1 pound~degree at 102 KCAS. The stability then decreased with
increased airspeed and became neutral at 124 KCAS. The stability
was negative at speeds higher than 144 KCAS.

The stick-freei effective dihedral characteristics
for jet-mode are summarized in Figure 0.

FIGURE 0
SUMIARY OF JET MODE STICK FREE

EFFECTIVE DIHEDRAL
PRE-Converslon Cmfiquration CRUISE Configuration
Gear Up or Down Gear Up
Pressure Alt * 5200 ft Pressure Altitude - 9500 ft
Gross Wt 10300 lb Gross Wei.ht * 10000 lb

PRE-CONVVERSION CRUISE

2.3.3.4.3 Longitudinal Coupling

A limited amount of longitudinal coupling was encountered
during the static lateral-directional tests. This longitudinal
coupling required increasing aft force and control displacement as
sideslip was increesed in either direction. The force and control
displacement requirement was linear. The maximum longitudinal pull
force required at 50 pounds pedal force was 7 pounds at 133 KCAS and
1.0 pound at 325 KCAS.

2.3.3.5 Qualitative Pilot Comments (Pilot Opinion Rating: 3)

In PC and CR configurations positive directional stability
and positive dihedral effect were observed during steady-heading

87



sideslips. Typical results of this portion of the evaluation are
shown in Figures 95 through 100, Appendix I. No undesirable flight
characteristics were observed during this portion of the lateral-
directional Investigation. The apparent lack of harmony between
lateral and directional control forces evidenced by the data shown
in Figures 101 and 104was not objectionable to the pilot. There did
exist a nuisance tendency for the aircraft to wander in yaw (! 2
degrees maximum) in PC configuration at airspeeds below approxi-
mately 110 KIAS. Above 110 KIAS the aircraft's "direcional stiff-
ness" increased with airspeed in both PC and CR configurations as
evidenced by the 325 KCAS data in Figure 99. These results enhanced
the lateral-directional flying qualities of the XV-SA. In PC con-
figuration at 140 KIAS the aircraft tended to oscillate laterally
after a wind gust disturbance. This oscillation was damped with
airspeed reduction. It is recommended that the full-flap extension
limit speed (see Page 1 of Appendix IV) be reduced from the present
limit speed of 180 KIAS to a limit speed of 140 KIAS. No investi-
gation of lateral control effectiveness was conducted during this
evaluation. Qualitative results indicated that maximum roll rates
in CR configuration would be pilot-limited rather than control-
power-limited. The XV-5A appeared to have higher maximum roll rates
than the previously evaluated Navy A4B, which developed roll rates
in CR configuration at 250 KIAS in excess of 250 deg/second.
A pilot opinion rating of 3 was assigned to the JO lateral-direc-
tional stability characteristics observed during this evaluation.
Recommendation 1. 7 . 2 g

2.3.4 JET-MODE STALL CHARACTERISTICS

2.3.4.1 Objective

The objectives of the stall tests were to evaluate the
characteristics of the aircraft in the unaccelerated and accelerated
stall and to determine the minimum safe airspeeds.

2.3.4.2 Method

The aircraft was first trimmed at the specified airspeed
and configuration. For the unaccelerated stall test, the airspeed
was then reduced at a rate of approximately 1 knot/second until
the aerodynamic stall or minimum flying speed was reached. All
pertinent data parameters were continuously recorded from the trim
conditions through the stall recovery.

All tests were conducted at an average gross weight of
110000 pounds and a pressure altitude of 14,000 feet. The longi-
tudinal C.G. varied from Station 240.2 to Station 242.9.
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2.3.4.3 Test Results

The unaccelerated stall test results are presented graph-
ically in Figures 105 through 110, Appendix I. Accelerated stall tests
were not conducted.

2.3.4.4 Quantitative Engineering Analysis

In all tests an aerodynamic stall was reached before a
minimum control speed occurred.

The stick-fixed stability du-ing approach to stall was
neutral to slightly negative. The highest instability recorded
was 0.2 inches of forward lon&itudinal sticl input required per
knot of zirspeed decrease.

The stick-free stability varied f'rom slightly positive for
the 25-percent flars. gear-dow'r, power-approach (PA) configuration
to neutral or negat've for all other test configurations. The most
negative stability was 2.2 pounds of push force for each knot de-
crease in airspeed for the full-flaps, gear-down, PA configuration.
No flap-up stalls were accomplished.

Stability, both stick-fixed and stick-free, was linear from
the trim condition down to the actual stall. At the stall, the
longitudinal control forces decreased, the aircraft pitched down,
then rolled approximately 30 to 40 degrees. The roll was usually
to the left but in some cases was to the right. A yawing oscill-
ation accompanied the roll and pitch at the stall.

Stall tests were terminated by the stall illustrated in
Figures 109 and 110, Appendix I. On this stall the gear was up
and center of gravity (C.G.) was the most aft of all the test
conditions. The stall approach was normal; however, after the
stall, the recovery was similar to the recoveries of previous
stalls. The iaircraft stayed in the stalled condition with random
motions about all axes. Control inputs were accomplished but
apparently did not result in a recovery. Approximately 7000 feet
of altitude were lost during the stall maneuver and then an
unexplained recovery occurred.

Lateral and directional controls were highly positive dur-
ing the approach and at the stall. Recosmmendation 1.7.3h

2.3.4.5 Qualitative Pilot Evaluation

The following discussion is be-ced upon the results of the
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contractor-conducted flight to investigate .M stall characteristics.
The results of this investigation were as follows:

.16aAX Wf~t Onsvet (KIAS/ t Recovety

,kO.W:•:ft4 $ 90/23.5* Imdiate
.1I,2@* 8 2V 90/23"

2 t20* 80123,

20" 80/23" -Post Stall
Gyrati~on

*Aircraft developed large sink rate with a slow pitch-up
to a nose-high position. Pilot reported a lateral oscillation in
the nobehigh position with no response to primary controls. Stall
was recovered after a loss of approximately 7000 feet after lateral
oscillation to the right caused nose to fall through. Engine power
was at or above 92 percent throughout the post-stall gyration.

These limited results indicated that the XV-5A's power-on
stall characteristics included the undesirable post-stall gyration.
Any future investigation should include the determination of the
effectiveness of power reduction as a power-on stall recovery tech-
nique. Recommendation 1.7.3h

2.3.5 JET-MODE ASYMMETRIC POWER

2.3.5.1 Objective

The objectives of these tests were to determine the control
displacements and forces required to maintain zero sideslip and to
determine the minimum single-engine control airspeed.

2.3.5.2 Method

The aircraft was trimmed at 1,4 Vstall with both engines
operating at 98-percent power. The airspeed was then increased to
1.8 Vstall and one engine was returned to idle. The aircraft was
stabilized at zero sideslip and the airspeed was reduced until the
stall speed was approached. The resulting transient and steady-state
control displacements and forces requirements were recorded. A
positive rate of climb was maintained at all times during the tests.
The rate of climb varied from 1500 to 500 feet/minute.
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2.3.5.3 Results

Test results are presented in Paragraph 2.3.5.4.

2.3.5.4 Quantitative Engineering Analysis

Adequate lateral and directional controls were available
at airspeed above the minimum tested (120 KCAS) with the gear up
and a flap setting of 25 percent. The minimum control airspeed in
this configuration was not established. The resulting change in
directional control position and force to maintain zero sideslip
was found to be .3 inches left and 20 pounds left as airspeed was
varied from 160 to 120 KCAS. The change in lateral control and
force requirement was found to be negligible.

2.3.5.5 Qualitative Pilot Comments (Pilot Opinion Rating: 2)

No objectionable flying qualities were encountered during
the tests. A pilot opinion rating of 2 was assigned to the conven-
tional asymmetric power flying qualities observed during these tests.

2.3.6 JET-MODE DYNAMIC STABILIT"

2.3.6.1 Objective

The objective of these tests was to evaluate the dynamic
stability characteristics of the XV-SA aircraft.

2.3.6.2 Method

The JM short-period dynamic stability was evaluated by
first trimming the aircraft to the prescribed flight conditions,
then introducing a disturbance by means of rapid pulse-type control
input. The resulting oscillations were then allowed to continue until
the motion was damped out or recovery was necessary. The tests were
conducted both stick fixed and stick free.

2.3.6.3 Results

Time histories are presented graphically in Figures 111
throughll8, Appendix I.

2.3.6.4 Quantitative Engineering Analysis

The short-period dynamic longitudinal stability was positive
and heavily damped in CR configuration. All rates and accelerations
were in the proper direction and were essentially damped to zero in
, cycle. No residual oscillations occurred. Angle of attack and
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airspeed returned very nearly to the trim conditions. The 'harac-
teristics were essentially the same for all airspeeds from ;35 t
256 KCAS. The stability characteristics for the PA configuration

r, were the same as those encountered for the CR configuration. Quan-
titative lateral-directional tests were not conducted for this con-
figuration.

A lateral disturbance resulted in a lightly damped lateral
oscillation and a bank angle was established in the direction of
control input. Yaw rate was damped to zero within 1 cycle and a
sideslip angle was established in the same direction as the bank
angle. Lateral-directional damping was weakly positive at 105 KCAS.
The roll oscillation was larger and opposite the yaw motion.

2.3.6.5 Qualitative Pilot Comments (Pilot Opinion Rating: 2.5,
Dynamic Longitudinal Stability; 3, Lateral-Directional
Stability)

Results of a limited dynamic longitudinal stability inves-
tigation in conventional flight (PC and CR configurations) showed
the longitudinal damping to be heavy in both configurations tested.
At 250 KIAS in CR configuration, the short-period mode was deadbeat.
A near deadbeat short-period modewas observed during any portion of
this phase of the evaluation. A pilot opinion rating of 2.5 was
assigned to the jet-mode dynamic longitudinal stability character-
istics and a rating of 3 to the lateral-directional characteristics.

2.3.7 JET-MODE AIRSPEED CALIBRATION

2.3.7.1 Objective

The objective of this test was to determine the position
error of both the wing-boom (high-airspeed) system and the nose-
boom (low-airspeed) system.

2.3.7.2 Method

The airspeed calibration of the low-airspeed system (less
than 1S0 knots) and the high-airspeed system was accomplished by
flying formation with a calibrated pace aircraft. Both systems wore
calibrated in clean, PA and PC configurations. The tests were con-
ducted out of ground effect at an altitude ranging from 5000 to
15,000 feet at an average gross weight of 10,500 pounds.

2.3.7.3 Results

Test results are presented graphically in Figure ll9, and 120,
Appendix I.
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2.3. 7.4 Quantitative Engineering Analysis

The nose-boom (low-airspeed) system position error was non-
linear for all configurations and varied in magnitude from a minimum
of -4.5 knots to a maximum of +9.0 knots. For CR configuration, the
position e*!,or varied from a value of -4.5 knots at 103 KIAS to +4.5
knots at 135 KIAS. In PC configuration with gear up or d~own, the
position error .,Mried from -3 knots at 95 KIAS to +9 knots at 143
K,,S. The position error in PA configuration was positive and had a
value of +3 knots at 103 KIAS and varied to +8.5 kflov.; at 123 !(IAS.

The wing-boom (high-airspeed) system position error was
nonlinear and was the same for all configurations. The position
error varied from,-7. 3 knots at 110 KIAS to +, 3 knots at 175 KIAS.
The position error then decreased from +.3 knots at 17S KIAS to -1.5
knots at 230 KIAS and remained essentially the same up to an airspeed
of 293 KIAS.

I

2.4 TRANSITION STABILITY AND CONTROL. Photo 10
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2.4.1 HOVERING AhD 7VOL FL:GHT

2.4.1.1 Objective

The objective of these tests were to evaluate the control
requirements, stability, and pilot effort during vertical lift-
offs, vertical climbs and descents, hovering and vertical landings.

2.4.1.2 Method

The vertical maximum performance lift-offs were initiated
by applying maximum engine power and full-down collective. After
obtaining maximum engine power, the collective (lift) control was
raised froua the full-down pu-ition to the full-up position. The
aircraft then lifted off the ground and a vertical climb was
performed to an altitude of approximately 500 to 800 feet. The
necessary control inputs were applied to maintain a constant-
heading level-aircr.ft attitude during ýhe lift-off and climb. At
this altitude the rate of climb was decreased by lowering the
collective control. Aircraft altitudes, rates, flight control
positions, etc. were recorded during each verticpl climb.

The maximum-engine-power vertical descents were performed

by descending from a stabilized hover at an altitude of 500 to 800
feet. The rate of descent was controlled by the collective control.
A constant-heading level-aircraft attitude was maintained during
the descent by applying the necessary control inputs. The descent
was terminated by increasiag the collective to achieve a stabilized
hover condition. Data wererecorded during each vwrtical descent.

Data were recordeI while hovering at various wheel heights
with the aircraft engines developing maximum power. rt, collective

control was used to maintain the desired wheel height. Contr.ol
inputs were applied during the hover so a level attitude and
constant heading could be maintained.

Vertical landings were performed by using the collective
control. The engine power and collective were adjusted so a
continuous descent and landing could be performed without adjusting
power. After the m&in landing gear touched the ground, the
collective was lowtred to the full-down position cnd engine power
was reduced.

2.4.1.3 Test Results

The results are sumariied graphically in Figures 121

through 126, Appendix I.
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2.4.1.4 Quantitative Engineering Ana~lysis (SAS On)

2.4,1.4.1 Fan-Mode Vertical Takeoff and Climb

Maximum vertical takeoff was accomplished by setting
engine kower at the maximum and increasing the collective control
from down to full-up in 0.6 seconds. This provided maximum
takeoff performance and reduced th- time spent in the turbulent
air-flow pattern encountered close to th~e ground. Approximately
1 inch of aft stick was used to clear the nosewheel and reduce
reingestion prior to applying th3 collective control. -this aft
stick input resulted in a pitch attitude change of +12 degrees.
As power was increased, a yawing tendency that required pcdaý.
inputs of ±.5 inches was noted. As the collective control was
increased a small roll oscillation of 2 cycles duration occurred.
As the aircraft was lifted off with collective control, the
longitudinal stick was moved forward approximately 21 inches.
This was sufficient to decrease the pitch attitude to essentially
level. No large aircraft motions or attitude changes resulted
from the rapid collective control input.

During the stabi'ized vertical climb small-amplitude
random motions occurzed about all axes. No apparent adverse
stability characteristics resulted from the increased vertical
drag or from any fan thrust changes caused by induced flow
variations. Control motions were relatively small, the largest
beiu'g ±.7 inches of lateral input.

The rate of climb was checked by decreasing the
collective control. No significant aircraft notions or control
requirements resulted from this maneuver.

2.4.1.4.2 Fan-Mode Vertical Descent

During the vertical descent very small random pitch
and roll rates were experienced. Stick requirements were
frequent but of very small magnitude. There were no significant
attitude changes. The directional stability was apparently very
weak or neutral. The aircraft tended to yaw indiscriminately
and required pedal input to return to the initial hea~ing.

2.4.1.4.3 Hovering at a Wheel Height of 50 Feet

The control inputs required to maintain a stabilized
hover at this wheel height were relatively sma.11. The longitudinal
and lateral stick varied t.3 inches about the trim position and
the pedal variation was t.2 inches. All the control requirements
were gradual and random. Thie control was positive in all axes and
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no apparent negative stability existed.

The SAS inputs effectively damped the rates and
generally were in the same direction as the stick inputs. The
results were a very stable hover condition with attitude changes
on the order of 1 degree. Essentially no collective control
inputs were required to maintain constant hover height.

2.4.1.4.4 Hovering at Wheel Heights Below 6 Feet

At a wheel height of 5 feet the control requirements
were considerably greater than at 50 feet. Continual longitudinal
and lateral control inputs were required. The rates about all
axes were apparently random. The frequency and/o occurrence of
the rates and the pilot input and SAS input made it difficult to
ascertain caise and effect. In some cases, the pilot input
opposed the SAS action. The control inputs required to maintain
a hover may have contributed to the many small rate variations.
The hover attitude could be held fixed. Collective control
variations of + 10 percent were required to maintain the trim
wheel height. This control motion appeared to be an oscillation
with a period of approximately 3 seconds.

As the wieel height was decreased to 3 feet, the
effect of the turbulent air flow became more apparent. This
turbulence increased the magnitude and frequency of the aircraft
disturbances. The overall stability was generally decreased
while the controllability remained immediate and positive at all
times. Rapid and random control inputs were required more
frequently and were of greater magnitude. Lateral control
requirements were the greatest with a maximum of 2 inches of
stick being used. Pedal inputs were 1 inch and the longitudinal
stick required was 0.5 inches. The SAS inputs had a maximum of
75 percent of full authority and,in some cases, were opposite
the pilot input. The aircraft motion could not be correlated
with the SAS and control inputs. The aircraft hover attitude was
held fixed about all axes with no significant deviations.

Thrust changes were random and quite large, and SO-
percent collective stick variations were used to maintain the
hover height.

2.4.1.4.5 Hover Landing

At low wheel heights just prior to and duzing touch-
down, large and rapid stick motions were required to maintain
attitude. Immediately after the main gear contacted the ground,
a lateral rate oscillation occurred. This oscillation was sensed
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by the SAS and the corresponding control inputs occurred. As the
co 1lective was lowered large rapid oscillatory SAS motions in
pitch also occurred. There were some yawing tendencies which
required t l-i-ich pedal inputs. As the collective reached the
full-down position the inc-eased weight on the gear damped the
lateral motion. While the engine power was reduced the

longitudinal rtick was moved aft to hold the nose gear off the
ground. The landing was then completed by moving the longitudinal
stick forward approximately 1.5 inches; this reduced the pitch-
fan pitching moment and allowed the nose gear to contact the
ground. This contact induced some longitudinal SAS action which
damped as the weight on the gear increased.

2.4.1.5 qualitative Pilot Comments (Pilot Opinion Rating: 5.5,
VTOL to 10-Foot Wheel Heights; 3, Vertical Climb to
1000 Feet; 3.5,Rover Above 10-Foot Wheel Height; 3.5,Hover Transl!ation hammdlin'g Qual'ities)

The vertical takeoff and landing characteristics in close
pzoximity to the ground (zero to 10-foot wheel heights) comprised
the weakest portion of the flying qualities of the XV-SA and
detracted from the aircraft's ability to accomplish its primary

research mission. A pilot opinion rating of 5.5 was assigned to
these characteristics.

During vertical takeoffs, immediately after the main
gear lift-off, the test aircraft exhibited iiioderate distuzbances
aboat all axes which caused the pilot to remain in this region a
minimum time. The intensity of the disturbances decreased as
wheel height increased and was completely eliminated at a wheel
height of approximately 10 feet. Due to the severity of the
disturbances (see Figures 124, 125, and 126, Appendix I) the ability to
perform precise tasks in a zero to 10-foot wheel height regime
is questionable. This result dictates that all prolonged hover
operations be conducted at wheel heights above 10 feet, where a
single engine failure would result in aircraft damage and
possible pilot injury. This problem was complicated by two
other unsatisfactory aircraft characteristics which became more
noticeable during vertical takeoffs: engine reingestion and
degradation of available lateral control power with increased
lift-stick position. The net effect of engine reingestion,
fully discussed in Reference n , was to reduce total lift in

configuration. Reference n showed the intensity of engine
reingestion to be a direct function of wind conditions and
recommended the 5-knot wind limitation for vertical taKeoff
adhered to during this evaluation. From the cockpit this
condition was noted by an apparent "hang-up" with little or no
response to increased power application. To continue climb after
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encountering reingestion during operations in winds of 5 knots or
less, a satisfactory technique was to change aircraft attitude in
pitch or yaw. This technique altered the air flow from the
reingested pattern and thus permitted sufficient power to conduct
a vertical climb. The second unsatisfactory characteristic was
the inherent coupling of available lateral control power with
lift-stick position. With a full-up lift stick a severe degrada-
tion of control from that available with a mid lift-stick position
was noted. Although not encountered during this evaluation due to
the S-knot wind test limitation, it is easy to forsee the potential
results of the combined effects of the three characteristics
mentioned: with a lateral disturbance immediately at lift-off
causing a low wing attitude and engine reingestion causing the
pilot to apply full lift stick to maintain climb, the combined
reingestion and lnteral control demand effects would reduce avail-
able lift to a lift-to-weight ratio below I and the aircraft would
settle to the ground in a wing-low attitude. Correction of each
of the three unsatisfactory characteristics discussed is mandatory
for follow-on XV-5 aircraft. Recommendation 1.7.1c, d, e

No objectionable characteristics were noted during a
vertical climb to 1000 feet absolute altitude at a sustained climb
rate of 1500 feet per minute. The cockpit environment was similar
to that of a helicopter during the same maneuver. Ground reference
was easily maintained by shifting vision to the distazt horizon as
altitude was increased. A pilot opinion rating of 3 was assigned
to the handling qualities observed during vertical climb to 1000
feet.

Precise vertical landings were limited by the aircraft
disturbances encountered below a 10-foot wheel height discussed in
the preceding paragraph. Prior to a vertical landing the pilot
was forced to select the proposed touchdown spot at a wheel height
above 10 feet, then devote all his attention to hovering the air-
craft through the region of increasing disturbance to the pre-
selected landing spot. Due to the narrow main landing gear (8.4
feet wheel to wheel) and a large aircraft side area, the possibility
of a lateral "tip-over" due to a sideward translation or wing-low
attitude at touchdown was always present during hover operations in
wind. To reduce this risk in addition to reducing the engine
reingestion effects, hower operations were restricted to a maximum
of 5 knots during this evaluation. Restricted downward visibility
and landing gear location prevented the pilot from obtaining precise
wheel height information in close proximity to the ground. This
characteristic caused the inexperienced pilot to "hunt" for the
ground and often resulted in an undesirable "bouncy" landing due to
the reluctance of the pilot to reduce power until a "wheels-on-the-
ground" condition was certain. Repositioning of the main landing
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gear to provide a wider ground track is considered to be a mandatory

requirement for follow-on XV-5 aircraft. Recommendations 1.7.1c, e,
1.7.2j

During hover at wheel heights above 10 feet the XV-SA was
heavily damped about all three axes for the test condition stability
augmentation system (SAS) setting. Results of dynamic steps and
pulses about the three axes showed the SAS to be a very effective
system. Some lateral-directional coupling was observed; however, no
objectionable coupling characteristics were experienced. These
results were pleasant to the pilot and provided a "steady platform"
at the stationary hover. Height control with throttle manipulation
resulted in pilot-induced vertical oscillations due to the slow
power response. Height control with lift-stick manipulations,
although not as responsive as in a gas-turbine-powered helicopter
(UH-l), was satisfactory. During hovering flight, control stick
"pressure forces" resulted in immediate aircraft response in the
correct direction. Control stick displacements in all cases were
negligible. Control harmony was excellent and enhanced the aircraft's
flying qualities. The XV-SA was extremely sensitive to crosswind; a
2 - 3-mph crosswind cau.'ed the aircraft to yaw downwind. During 15-
mph sideward flight this characteristic was emphatically noted by the
increasing requirement to apply "lower" rudder as airspeed increased.
No objectionable aircraft attitudes were observed during either 15-
mph or 10-mph rearward flight. A pilot opinion rating of 3.5 was
assigned to the XV-SP hover characteristics above a 10-foot wheel
height.

A limited variable SAS investigation of hover character-
istics above a 10-foot wheel height was conducted. The results of
these tests indicated that attitude control about the pitch and yaw
axes could be satisfactorily accomplished without stability
augmentation. Attitude control about the roll axis required a
minimum of 50 percent of test setting gains to provide adequate
roll control during hover operations. The simulated control

effects resulting from a single hydraulic failure were evaluated
by reducing roll and yaw SAS gains to 50 percent of test settings
and pitch SAS gains to zero. In this configuration the aircraft
was controllable and, although not evaluated, it was believed
that emergency vertical landing could be safely performed. The
results of this phase of the evaluation indicated a requirement
for a roll SAS during hover operations. Recommendation 1.7.3i

A comparative evaluation of the hover translation
handling qualities of the XV-SA and UH-lA helicopters was conducted
over a 1.7-mile course. The XV-SA control forces to accomplish the
tasks of thesa tests were observed to be between 3 - 10 pounds,
depending upon specific maneuvers being performed. To accomplish
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identical maneuver in the UH-1A, control forces of approximately
1 - 3 pounds (force trim off) were noted. Increased XV-SA pilot
fatigue over that encountered in the UH-lA was the manifestation
of these results. The XV-SA control response about all three axes
was observed to be laggardly compared with the control response of
UH-lA while accomplishing identical maneuvers. Qualitatively this
characteristic tended to remove the pilot from the XV-SA "control
loop,' whereas the quicker UH-lA control response provided the
pilot with the sensation of being an integral part of the "control
loop." The XV-SA was extremely sensitive to the existing 3-knot
to S-knot wind compared with the UII-lA (flown in 5- to 7-knot wind).
Height control during these tests was effortless in both the XV-SA
and UH-1A. Based on the results of these tests, a pilot opinion
rating of 3.5 was assigned t-o the hover translation handling
qualities of the XV-SA.

The airframe structural heating characteristic in FM

configuration, either in hover or translational flight, limited FM
flight duration to 10 minutes. These results were unzatisfactory
and detracted from the test aircraft's suitability to perform its
primary research mission. During data acquisition flights in FM

configuration, the short 10-minute flight duration was too
restrictive. Correction of this characteristic is mandatory for
follow-on XV-5 aircraft. Recommendation 1.7.1f

2.4.2 TAKEOFF, CLIMB, AND LANDING

2.4.2.1 Objective

The objective of these tests was to evaluate the control
requirements, stability and pilot effort during JM and FM takeoffs
through the use of various techniques. The stability and control
characteristics were also evaluated during FM climb.

2.4.2.2 Method

The aircraft was accelerated to the desired rotation speed
at which time the longitudinal control was displaced aft. This
action caused the aircraft to rotate and subsequently lift off and
become airborne. The rotation of the aircraft was checked by
forward movement of the longitudinal control. The landing gear and
flaps were retracted as the aircraft continued to accelerate to the
desired climb speed. The necessary corrective control inputs were
performed so a constant-heading wings-level aircraft attitude could
be maintained. Data were recorded during each takaoff.

The FM takeoffs were performed by using tw'o technqiues.
These techniques were:

a. Level Flight Acceleration from a 30-Foot Hover
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The level-flight-acceleration technique was commenced
from a hover condition at an altitude of 30 feet. The maximum
engine power was used during the acceleration and climbout. The
landing gear was retracted while hovering at a wheel height of 30
feet; then the aircraft was accelerated by vectoring the wing
louvers aft. The collective control was raised to the full-up
position as airspeed was increased. Upon reaching the desired
climbout speed the aircraft was placed in a climb attitude.

b. Ground-Run Acceleration

The ground-run acceleration technique was started
with the aircraft in fan mode, the collective full down and the
vector angle at the maximum aft position (45 degrees). The engine
power was then increased to maximum and the aircraft was
accelerated on the ground. The vector angle was decreased as the
desired lift-off speed was approached. The aircraft was lifted
off by use of the longitudinal and collective control. The
rotation was checked as the aircraft became airborne. The aircraft
then climbed out at the desired airspeed.

A constant-heading wings-level attitude was maintained
during each takeoff by the necessary control inputs. Data were
recorded during each takeoff.

FM climbs were performed with the engines developing
maximum power and collective full up. The desired climb attitude
was controlled by the vector angle position and the climb airspeed
was maintained by displacing the longitudinal control. A wings-
level constant-heading climb was maintained by control inputs.
Pertinent data parameters were recorded during each FM climb.

2.4.2.3 Test Results

The results are summarized graphically in Figures 12'7
through 132 , Appendix I.

2.2.2.4 Quantitative Engineering Analysis

2.4.2.4.1 Jet-Mode Takeoff and Climb

The control requirements during a conventional takeoff
and climb were small. Above 70 KCAS the vertical stabilizer
effectiveness was sufficient to damp all oscillations. Aft stick
was applied at 70 KCAS and elevator effectiveness was apparent at
80 KCAS. A total of approximately 2.5 inches of aft stick was
used during the rotation which was accomplished at 95 KCAS. The
rotation was checked with 2 inches of forward stick. Inmmdiately
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after the lift-off there was a lateral trim change which required
1 inch of lateral stick. At 130 KCAS the horizontal stabilizer
trim was used. As the desired climb speed was reached, additional
aft stick was used to maintain climb speed. No significant air-
craft motions or stick movements were required during the climb.

2.4.2.4.2 Fan-Mode Rolling Takeoff

The maximum acceleration was obtained by using the 45-
degree vector angle during the initial portion of the takeoff
roll. As the airspeed increased, forward stick was required to
control the increasing pitch-fan pitching moment and keep the
nosewheel on the ground. No significant lateral or directional
control was required prior to rotation. Prior to reaching the
climbout airspeed, the beta vector louvers were moved forward;
then aft longitudinal stick was applied to accomplish the rotation.
Moving the vector forward increased the fan lift and the aircraft
became airborne when the sufficient vertical thrust was available.
At this time roll aid yaw rate oscillations were evident as lift
stick was increased toward the full-up position. These were more
pronounced at lower lift-off airspeeds. At a lift-off airspeed
of 45 KCAS, the yaw rates caused an oscillatory pedal input of
±1.5 inches with a period of 2 seconds. A higher frequency, lower-
amplitude lateral stick input was also required. These aircraft
motions were prevalent throughout the takeoff and climb at low
speeds. At a lift-off of 70 KCAS the aircraft was relatively
stable and control requirements were small after the aircraft was
airborne.

2.4.2.4.3 Fan-Mode Takeoff Using a 30-Foot Level Flight
Acceleration From a Hover

The aircraft had generally the same characteristics as
those covered during the vertical lift-off discussion. A
collective setting of approximately 40 percent was required to
stabilize the aircraft in a hover at 30 feet. From the hover the
longitudinal control was displaced forward from the trim position;
this rotated the aircraft nose down and started the acceleration.
As the aircraft rotated nose down the vectoring of the wing-fan
louvers was started so that a continuation of the level acceler-
ation could be accomplished. The collective control was also
increased to maintain vertical thrust and prevent a loss in wheel
height as the vector angle increased. The longitudinal stick
moved forward during the acceleration. Pitch attitude reached
the maximum nose-down value of S degrees and was maintained at
this value until the climbout airspeed was reached. As climbout
airspeed was reached a small amount of aft stick was applied to
rotate the aircraft. Full-up collective was reached at an air-
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speed of 32 KCAS. A small amount of directional motion was
experienced which required pedal inputs of t.5 inches. The
directional stability became stronger as airspeed increased.

2.4.2.4.4 Fan-Mode Climb

The control requirements were small during a stabilized
600-foot/minute FM climb. At an airspeed of 52 KCAS and a near-
level attitude, the high negative angle of attack did not introduce
any significant adverse stability and control characteristics.
Small random rate oscillations were experienced in pitch and roll.
In many cases these were not large enough to cause a control input.
Directional stability was strong with no apparent aircraft motion
or pedal inputs required. The stability and contro.l character-
istics generally improved at increased climb speeds.

2.4.2.5 Qualitative Pilot Comments

2.4.2.5.1 Conventional Takeoff

Qualitatively the conventional takeoff and landing
characteristics observed during this evaluation enhanced the flying
qualities of the XV-SA. Two flap settings, zero percent and 25
percent, were investigated at various horizontal stabilizer
positions. Of the horizontal positions investigated, -3.5 degrees
and -2 degrees were optimum for takeoff with 25-percent and zero-
percent flaps respectively. Approximate takeoff performance data
observed for these configurations is shown in Table 3:

*Runway heading: 220 degrees
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The zero-percent flap takeoff was the more desirable of the two
flap configurations investigated. With the zero-percent flap
setting the pilot was able to rotate the aircraft 15 KIAS prior to
the approximate lift-off speed of 125 KIAS. This procedure allowed
a smooth transition from takeoff roll to takeoff climb. With 25-
percent flaps extended, aircraft rotation and lift-off occurred
simultaneously at approximately 110 KIAS. The stick forces required
to initiate rotation were high (approximately 25 pounds) during
rotation but returned to trim at lift-off.

Directional control during takeoff ground run was effort-
less. Rudder effectiveness was noted at approximately 40 KIAS and
aileron effectiveness was noted at 80 KIAS. During early flights
there was a tendency toward pilot-induced lateral oscillations
during climbout. As flight experience in the test aircraft was
obtained, this lateral over-control tendency was easily eliminated.
A pilot opinion rating of 2.5 was assigned to the conventional
takeoff characteristics observed during this evaluation.

An associated problem encountered during conventional
takeoff and climbout was overheating of the right wing-fan cavity
area. To reduce the cavity area below its over-temp condition
(120 degrees C) engine rpm had to be retarded to approximately 96
percent. This requirement constituted a performance limitation.
Correction of this item is mandatory for follow-on XV-SA aircraft.
Recommendation 1.7.1f

2.4.2.5.2 Conventional Landing

The conventional landing charactcristics observed with-
out crosswind or turbulence were satisfactory. The narrow-track
landing-gear geometry, low-power brakes and large aircraft side
area all contributed to the poor crosswind landing characteristics
exhibited. In landing winds of less than 5-knot direct crosswind
component, landing attitudes were characterized by large compensating
bank angles into the wind required to maintain desired ground track.
Immediately after touchdown the aircraft tended to turn downwind;
this required total pilot attention to correct with rudder and brake
control. These results were undesirable and would severely limit
the conventional operational capabilities of any XV-5 model aircraft.
With 25-percent flaps, normal landing approaches were flown at an
approximately 12-degree angle of attack (130 KIAS) and 85-percent
engine rpm. Under these conditions, touchdown occurred at a 15-
degree angle of attack (110 KIAS). The aircraft was fix., on
landing and exhibited so tendency to bounce or float during touch-
down. Aerodynamic braking was possible by holding the nosewheel
off the ground until approximately 85 KIAS when insufficient
elevator effectiveness was available to hold the nosewheel off.
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"Wave-off" characteristics from normal approaches were excellent
with no loss of altitude required. A pilot opinion rating of 3.5
was assigned to the XV-SA's conventional landing characteristics.
Recommendation 1.7.2i

2.4.2.5.3 Level Acceleration From a 30-Foot Hover

At 30-foot wheel height the aircraft provided a steady
platform. No retrimming was required following landing gear
retraction. Initial acceleration with a S-degree nose-down pitch
attitude was comfortable and altitude was easily maintained with
the raising of the lift stick. During initial acceleration with
vectoring of the wing-fan louvers, specific attention was required
to insure that a "lrle-of--,numbl' relationship of 2 KIAS of air-
speed for each degree of louver angle was maintained. If louver
angle exceeded the 1:? relationship with airspeed prior to 40 KIAS,
a loss of lateral control power was observed. The lateral control
power loss was attributed to the "washout" of fan control power as
louver angle approached the maximum FM configuiation setting of 45
degrees. The problem was confined to the lateral axis due to the
previously discussed (Paragraph 2.4.1.5) severe degradation of
lateral control power in FM configuration with full-up lift stick.
At airspeeds greater than 40 KIAS, sufficient aerodynamic lateral
control power was available from ailerons to allow small deviations
from the 1:2 relationship between louver angle and airspeed. These
results, specifically at airspeeds less than 40 KIAS, were undesir-
able. A high degree of pilot attention was required to maintain the
louver angle-airspeed schedule, especially at airspeeds below 40
KIAS. A pilot opinion rating of S was assigned to louver angle-
airspv"d requirement observed during level flight acceleration from
a 30-foot hover in FM configuration. Recommendation 1.7.2h

Longitudinal trim requirements during acceleration could
not be satisfied due to insufficient aircraft nose-down trim
authority. This characteristic, previously noted in Paragraph
2.2.1.5.1, detracted from the longitudinal flying qualities of the
XV-SA in FM configuration. Correction of this shortcoming is
desirable for future XV-5 aircraft. Recommendations l.7.2f, h

2.4.2.5.4 Ground-Run Acceleration

The ground-run accedleration technique, as described in
Paragraph 2.4.2.2b, was unsatisfa(tory for a takeoff airspeed of
4S KIAS. It was not possible to devector from a louver angle of
45 degrees to 2S degrees prior to obtaining the desired 45-KIAS
takeoff speed. The net result was an early lift-off, lift stick
raised to 100 percent, at SO KIAS with a louver angle setting of
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23 degrees. Although not attempted, takeoffs at airspeeds oelow
45 KIAS might very well result in the situatioi of insufficient
available control power discussed in Paragraph 2.4.1.5. The
ingredients for -his control problem are all present during a low-
speed takeoff 'below 45 KIAS): high lift stick, louver angle
setting greater than 20 degrees, ard airspeed below 45 KIAS. For
takeoffs at airspeeds greater than 45 KIAS the grourný-run
acceleration technique was adequate but required over 1000feet of
runway to accomplish at a gross weight that was suitable for a
vertical lift-off. From these results it was concluded that the
technique used for ground-run accelerations during this ev, Iuation
was not satisfactory.

2.4.2.5.5 Fan-Mode Climb

No objectionable flight characteristics w,_ observed
during the conduct of this portion of the evaluation. A looseness
of lateral and directional control was noted during FM climbs at
30 KIAS, as compared with handling qualities observed during climbs
at higher airspeeds. Qualitatively the 40-KIAS climb provided
maximum climb rates. Climbs at 70 "IAS produced negligible climb
rates (less than 300 feet per minute). A pilot opinion rating of 3
was assigned to the XV-SA flying queiities observed during climbs
in FM configuration.

2.4.3 CONVERSIONS

2.4.3.1 Objective

The objective of these tests was t) evaluate the control
requirements, stability, and pilot effort during a. conversion at
altitude from jet mode to fan mode and vi v vrsa.

2.4.3.2 Method

Attitude conversions were performed at various flight
conditions. The control inputs, rates, and attitudes were recorded
prior to and during each conversion. All conversions were performed
with the collective full up.

2.4.3.3 Test Rerults

The results are summarized graphically in Figures 133
through 135, Appendix I.

2.4.3.4 Quantitative Enineering Analysis

2.4.3.4.1 Conversion From Jet Mode to Fan Mode
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Stability characteristics and control requirements were
significantly influenced by the airspeed at conversion. The
lateral stability was considerably weakez at 102 KCAS than at 120
KCAS. Following the start of the conversion a characteristic nose-
down pitching motion occurred which w4s more rapid and of a larger
magnitude at high speeds. Angle of attack and normal acceleration
immediately decreased and aft longitudinal stick was required
following the conversion.

At an airspeed of 102 KCAS an immediate nose-down pitch
rate occurred. Pitch attitude started to change approximately .5
seconds after the initiation of the conversion and at this time
aft stick was applied to control the pitch rate. Approximately 1.5
inches of stick was used to control the initial pitching. During
this time the angle of attack decreased 4 degrees and the normal
acceleration became .6 g. In the latter portion of the conversion
sequence, the horizontal stabilizer programmed to 10 degrees
tr.-iiling edge down. This introduced nose-down pitching moment that
required an additional 1.7 inches of aft longitudinal control. As
the stabilizer programmed, the maximum nose-down pitch rate of 15
degrees/s!cond was reached. Attitude became 3.5 degrees nose down
and the normal acceleration was .4 g. As the conversion was
completed there was leral oscillation which required some lateral
stick inputs. The SAS motions opposed the pitch-down and the
lateral oscillation. The total aft stick requirement was 3.4
inches. This aft position was maintained until a nose-up rate was
established and the angle of attack was near zero. The stick was
then moved forward 1.5 inches. There were no yawing motions or
requirement for pedal input during the conversion.

Conversion at an airspeed of 120 KCAS was basically the
same as the conversion at 102 KCAS. The initial pitch-down was
sharper and required a more rapid aft stick input. As the
horizontal stabilizer programmed, more aft stick was required to
achieve attitude and angle-of-attack conditions similar to those
at the lower airspeed. It was also necessary to maintain the aft
stick position for a considerably longer period to complete he
conversion and achieve an FM level flight condition. The deceler-
ation after the conversion was much greater than at the lower air-
speed and was fairly constant at 1 knot/second. The lateral
stability was considerably stronger and no yawing motion was
evident during the conversion.

2.4.3.4.2 Conversion From Fan Mode to Jet Mode

Stability characteristics and cotrol requirements were
positive and small in magnitude during ccnversion. Following the
start of conversion a characteristic nose-up pitching Liotion
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occurred. This pitching motion was caused by the prcgraimning of
horizontal tail to 5 degrees trailing edge up. This aircraft
motion required a forward stick displacement to check the pitching
rate.

At a conversion speed of 90 KCAS an immediate nose-up
pitching motion occurred. This change in pitch attitude was
caused by ,he programming of the horizontal tail to the 5-degree
trailing-edge-up position. Pitch attitude started to change
approxinately .25 seconds after the initiation of conversion.
Forward longitudinal stick displacement was appl4d to check the
pitch-up rate. During the conversion the longitudinal stick
traveled from .6 inches aft of neutral to 4.0 inches forward of
neutral. The time requirod for this stick motiLn was 2.0 seconds.
In the latter portion of the conversion sequence, the longitudinal
control was returned to a position about 2 inches forward of
neutral. The lateral and directional control inputs required during
the conversion were very small.

2.4.3,5 C taiitative Pilot Comnents

2.4.3.5.1 Conversion

The cons entional-to-fan-powered-flight conversion
characteristics enhanced the XV-SA's flying qualities. Conversions
were conaucted in level flight at the following couditions: engine
RPM (97 percent - 100 percent), density altitude (4500 feet-8500
feot), and airspeed (95 KIAS - 105 KIAS). All conversions were
characterized by a mild pitch-over (from +13 degrees a to +5 degrees
a) which required approximately 15 pounds of aft stick force to
arrest without an altitude loss. A sensation of deceleration,
similar to that following the extension of speed brakes in a
convention.il aircraft, was the most prominent "cockpit cue" of
conversion. Additional cockpit cues were: horizontal stabilizer
visual and aural signals' denoting the programmed movement of the
stabilizer to the l0-dejree leading-edge-up position, visual signal's
denoting diverter valve in the lift-fan position and increased noise
level due to the three fans' coming up to speed. The increased
noise level was of such magnitude that radio communications were
impaired unless the pilot wore a snugly fitted flying helmet and
oxygen faca mask. Total time required for the conversion was
approximately 3 seconds. The major ch-ziges that occurred during
conversions are shown in Table 4:

108



-:7!

Z*:'q W A

ltitonta.1 Stab-5' to -~I
PS A~ p" *+12* a to 14.

conopf t ifwt P t

The pertinent components that remained unchanged are shown in
Table 5:

The technique employed to satisfy the "before-conversion"
condition of high engine RPM and low airspeed was initially to
stabilize the aircraft in pre-conversion (PC) configuration at
the desired airspeed (95 KIAS to 105 KIAS); this required
approximately 88 percent to 92 percent of engine RPM. Immediately
preceding selection of the fan-power mode switch, engine RPM was
advanced to the desired magnitude (97 percent - 100 percent).
Aircraft airspeed accelerations prior to conversion were between
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1 KIAS and 5 KIAS, depending upon pilot quickness in performing
these tasks. To correct this shortcoming, it is recommended that
follow-on XV-SA aircraft be provided with speed brakes to assist
the pilot during this phase of the conversion. The optimum
conventional-to-fan-powered-flight conversion, of those conversions
observed, was accomplished under the conditions noted in Table 6:

*Conversions at higher density altitudes produced sink

rates following conversions.

A pilot opinion rating of 2.5 was assigned to the conventional-to-
fan-powered-flight conversion characteristics observed during this
evaluation. Recommendation 1.7.2k

A pilot opinion rating of 2 was assigned to the fan-
power-to-conventional-flight conversion characteristics observed
during this evaluation. Wings-level conversions were conducted
both in level flight and during descents at airspeeds between 85
KIAS and 95 KIAS. All conversions were characterized by immediate
acceleration and mild pitch-up that could be arrested with a 10-
percent engine power reduction (100 percent to 90 percent). No
specific control movement, other than throttle reduction, was
required to maintain flight attitude following the conversion. The
sensation of immediate acceleration was the most prominent "cock-
pit cue" of the conversion. Additional cues were: horizontal
stabilizer visual and aural signals' denoting the programmed move-
ment of the stabilizer to the -5 degree leading-edge-down position,
the visual signal's denoting diverter valve in the conventional
powered position and the decreased cockpit noise level. Total time
required for the conversion was approximately 1 second. These
conversion characteristics, as observed during this evaluation,
enhanced the flying qualities of the XV-SA.
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2.4.4 TRANSITION CHARACTERISTICS WITH STABILITY AUGMENTATION

SYSTEM INOPERATIVE

2.4.4.1 jective

The objective of these tests was to evaluate the stability
characteristics of the aircraft and the increase in pilot effort
with the SAS inoperative.

2.4.4.2 Method

The aircraft with the SAS inoperative was evaluated by
increasing speed from a hover to 52 KCAS and by converting to fan
mode at altitude.

A forward translation was started by vectoring aft with
the aircraft in a hover condition. Control inputs were made to
maintain a constant-heading wings-level attitude. Data were
recorded during this forward translation.

A conversion from JM to FM flight was conducted at alti-
tude. After the aircraft was converted to fan mode the aircraft
was devectored to a speed of approximately 40 KCAS. The aircraft
was then accelerated to a speed of 87 KCAS and converted back to
JM flight. Control inputs, rates, attitudes, etc, were recorded
during the entire test.

2.4.4.3 Test Results

The results are summarized graphically in Figures 136
through 137, Appendix I.

2.4.4.4 Quantitative Engineering Analysis

2.4.4.4.1 Conversion and Transition with the SAS Inoperative

Stability characteristics and control requirements
during a SAS-off conversion were essentially the same as those
for a SAS-on condition. This indicated that although the SAS
provided an input at high speeds, the fan controls were not
effective at this condition. Following the conversion, air-
speed was decreased by devectoring and a lateral-directional
oscillation was encountered. The period of the oscillation was
2 seconds and the magnitude increased as the devectoring was
continued, Lateral control inputs were applied to oppose the
motion, the magnitude being *2 inches at 40 KCAS. Random
pitching motions which required t.75 inches of longitudinal
stick were also present. Stability continued to deteriorate
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with decreased airspeed and random aircraft motions and stick
inputs were experienced at 35 KCAS. No significant pedal inputs
were required during the conversion and devectoring.

The stability during an acceleration from 35 KCAS was
considerably better than during the deceleration. The lateral-
directional oscillation was present but was greatly reduced.
During the vectoring process a power cutback was experienced at
an airspeed of 80 KCAS. The engine power was reduced from 101
to 98 percent and the wing-fan speed decreased from 102 to 96
percent. This power cutback required 2 inches of aft stick to
compensate for the reduction in pitching moment associated with
power reductions at the airspeeds in transition. No roll or
yawing motions were associated with the power cutback. The
power was reset and the vectoring continued to the conversion
speed. The stability characteristics during the conversion to
jet mode were similar to those for the SAS-on condition.

Lateral stability was weak during an acceleration
from hover to 30 KCAS. Im..ediately after the vectoring was
started there was a lateral oscillation. This oscillation
increased with airspeed and reached a maximum at 8 KCAS. At
this point the attitude change was j8 degrees. The stability
improved as airspeed was further increased and the oscillation
was damped. The longitudinal and lateral control inputs were
frequent and small in magnitude. The longitudinal stability was
positive and the longitudinal stick moved slowly forward during
the acceleration. Pedal requirements were similar to those for
the SAS-on configuration. Recommendation 1.7.3i

2.4.4.5 Qualitative Pilot Conmments

No objectionable characteristics were encountered during
conversion since the SAS was "phased" out. Reference Paragraph
2.4.1.5 for variable SAS investigation during a hover.
Recommendation 1.7.3i
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SECTION 3 - Appendices

APPENDIX I - Test Data
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APPENDIX II

DEFINITIONS, SYMBOLS AND ABBREVIATIONS

1.0 DEFINITIONS

Fan Mode (FM) Flight condition in which any part
of the vertical lift is provided
by the wing fan.

Jet Mode (JM) Flight condition in which the
vertical lift is entirely aero-
dynamic.

Hover Fan-Mode flight less than 30 knots
in any direction.

STOL Takeoff or landing which is
accomplished with a combination of
wing-fan lift and wing aerodynamic
lift.

Translation Flight through all fan-mode
configurations to conversion.

Conversion That portion of the flight that
encompasses the action of changing
from one flight mode to the other
(jet to fan or fan to jet).

Pre-conversion That portion of the flight in which
the lift is purely aerodynanic and
the aircraft is preparing to perform
a conversion from jet mode to fan
mode. The configuration is as
follows: Flaps 45 deg, fan doors
unlocked but closed, louvers maximum
aft (45 deg), pitch-fan doors and
vanes open.

Transition Flight through all the configurations
and regimes from vertical lift-off
(fan mode) to jet flight (jet mode)
and return.
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Louve, S.agger Angle The difference in angle between the
.(es) master even and odd louver for eachs wing.

OS A- B

Louver Vector Angle The sum of the 4 master louvers
(Oy) (2 each wing) divided by 4.

S-A.B.C+ DBy 4.0

Differential Beta Vector The sum of the 2 master louvers
(&0 V) on the right wing subtracted from

the sum of the 2 master louvers
on the left wing.

A *v (A * B) - (C + ;9)

Differential Stagger The difference between the 2 master
Vector (AS ) louvers on the right wing subtracted

from the difference between the 2
master louvers on the left wing.

ass (A- B) -(C D)
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2.0 SYMBOLS AND ABBREVIATIONS

Nomenclature Units

C.G. Center of Gravity in

Fa Lateral Stick Force lb

Fe Longitudinal Stick Force lb

Fr Rudder Pedal Force lb

KCAS Knots Calibrated Airspeed

KEAS Knots Equivalent Airspeed

KIAS Knots Indicated Airspeed

KTAS Knots True Airspeed

MYPitching Moment in. lb
i Rolling moment in. lb

M Yawing Moment in. lb

N.,f Wing-Fan RPM rpm M1
N Jet Engine RPM rpm (M)

N PPitch-Fan RPM rpm M%
OGE Out of Ground Effect lb/in2

P aAmbient Pressur, in. H&

iSL Sea Level Pressure,
2116.1 lb/ft2 lb/ft 2

q Dynamic Pressure lb/in2

R/C Rate of Climb fpm

S Wing Area ft2

SAS Stability Augmentation System

T KAmbient Temperature (FAT) deg K

2'71
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t. Indicated Ambient Temperature deg C

t Time sec

V Calibrated Airspeed kt

Ve Equivalent Airspeed kt

Vi Indicated Airspeed kt

V. Instrument Corrected Indicated
.c Airspeed kt

V. True Airspeed kt

Wt Test Gross Weight lb

a Angle of Attack deg

8 Angle of Sides~ip deg

as Louver Stagger Angle deg

Ov Louver Vector Angle (Sup of 4
Master Louvers/4.0) deg

ADv Differential Beta Vector
(Fan Yaw Control) deg

AO s Differential Beta Stagger
(Fan Roll Control) deg

Difference

6 Aileron Angle deg

6c Collective Position deg

6 Elevator Angle dege

6 Pitch-Fan Thrvst Reverser
Door Position dog

Rudder Angle deg

5 Lateral Stick Position ins
a

6 Collective Stick Position in
C
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6 SLongitudinal Stick Position in

me

6 sRudder Pedal Position in
r

8 Pitch Angular Displacement deg

Pitch Angular Velocity deg/sec

Pitch Angular Acceleration dng/sec2

P Air Density slugs/ft3

a Density Ratio

_ Roll Angular Displacement deg

• Roll Angular Velocity deg/sec

Ro"t Angular Acceleration deg/sec 2

SRYaw Angular Displacement deg

Y Yaw Angular Velccity deg/sec
- Yaw Angular Acceleration deg/sec2
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APPENDIX III

GENERAL AIRCRAFT INFORMATION

1. SOURCE OF INFORMATION

The descriptive and design information in the following
paragraphs was obtained from "XV-5A Detail Aircraft Specification"
(Reference o).

2. DESCRIPTION OF AIRCRAFT AND SYSTEMS

2.1 DIMENSIONS AND DESIGN DATA

a. Areas

(1) Wing area (including 49 sq ft of
fuselage) 260.3 ft 2

(2) Vertical tail area 51.0 ft 2

(3) Flap area 25.1 ft 2

(4) Aileron area (aft of hinge line),
total 19.3 ft 2

(5) Horizontal tail area, total 52.9 f.2

(6) Elevator area (aft of hinge line),
total 12.0 ft 2

(7) Vertical tail area, total 51.0 ft 2

(8) Rudder area (aft of hinge line),
total 6.4 ft 2

(9) Wing-fan annulus area, total 35.6 ft 2

(10) Wing-fan area (fan tip), total 42.6 ft 2

(11) Pitch-fan annulus area, total 5.64 ft 2

b. Wings

(1) Span .9.83 ft
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(2) Chord

(a) Root 12.08 ft

,-) At break in ru;rtc: chord 9,09 ft

(c) Theoretical tip 3.58 ft

(d) Mean aerodynamic (MAC) 9.41%

(3) Sweep at 1/4 chord

(a) Inboard panel L..0 deg

(b) Outboard panel 28.3 deg

(4) Airfoil section

At butt line (BL) 170.05 NACA 0012-24

(5) Aspect ratio 3.42

c. Ailerons

(1) Span 6.37 ft

(2) Chord 32.7%

(3) Centroid of aileron area BL-139.6 in

d. Flaps (singlc slotted)

(1) Span 43.0%

(2) Choid (average) 19.6%

e. Horizontal tail

(1) Span 13.18 ft

(2) Chord

(a) Root 65.64 in

(b) Tip 30.60 in

(3) Sweep of leading edge 19.5 deg
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(4) Airfoil section NACA 64A012

(5) Aspect ratio 3.29

(6) Pivot point Fuselage
Station
(FS)-496.7

(7) Distance of 1/4 MAC

from wing 1/4 MAC 21.17 ft

f. Elevators

(1) Span (per side) 5.47 ft

(2) Chord

(a) Root (BL 4.3) 1.337 ft

(b) Tip (BL 69.9) .854 ft

(3) Location of 1/4 MAC FbJ-521.1 in

g. Vertical tail

(1) Sweep of .eading edge 35.4 deg

(2) Airfoil section

(a) Waterline (WL) 113.0 in NACA 64A(012)-

016.5

(b) WL 206.0 in (tip) NACA 64A(012)-
013.0

(3) AMpect ratio 1.178

(4) Distance of 1/4 MAC
to wing 1/4 MAC 18.25 ft

h. Rudder

(1) Span S.20 ft

(2) Chord

(a) Root 1.47 ft

(b) Tip .98 ft
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(3) Location of 1/4 MAC FS-507.4 in

(4) Height over highest point of
vertical tail (reference line
level) 14.75 ft

(5) Length (reference line level) 44.52 ft

2.2 CENTER-OF-GRAVITY LOCATIONS

Aft limit FS-246 in

Forward limit FS-240 in

2.3 CONTROL MOVEMENTS

The movements measured during the test program:

a. Longitudinal control stick 6.5 in. fwd
6.0 in. aft

b. Lateral control stick 3.90 :n. rt
3.20 in. lt

c. Rudder pedal 3.50 in. lt
3.50 in. rt

d. Elevator surface (from
faired position) 22 deg trailing edge up(TEU)

25 deg trailing edge down
(TED)

.. Left aileron surface position

(flaps at zero deg) 18 deg TEU 15.75 deg TED

(flaps at 45 deg) 7.75 deg TEU 26.25 deg TED

f. Right aileron surface position

(flaps at zero deg) 18.9 deg TEU 15.25 deg TED

(flaps at 45 deg) 7.25 deg TEU 25.75 deg TED

g. Rudder surface position

24.5 deg trailing edge right (TER)

24.75 deg trailing edge left (TEL)
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h. Horizontal stabilizer

20 deg leading edge up (LEU)

5 deg leading edge down (LED)

i. Flaps (zero %) zero deg

(100%) 45 deg

j. Pitch-fan modulator doors (-10.5 deg
beta vector) 65 deg

k. Wing-fan roll control (differential
stagger) 32.0 deg lt

(-10.5 deg beta vector) 37.5 deg rt

1. Wing-fan yaw control (differential
vector) 31.0 deg lt

(-10.5 deg beta vector) 31.6 deg rt

Nm. Wing-fan beta vector -10.5 dog

+38.7 deg

2.4 AIRCRAFT SYSTEMS

2.4.1 FLIGHT CONTROL SYSTEM

The pilot is provided with conventional flight controls,
fan-mode (FM) flight controls and coittrol elements required for
conversion from one flight mode to another. The primary flight
control system consists of a control stick for conventional
longitudinal and lateral control, a collective lift stick and
rudder pedals for dirsctional control. In addition to necessary
instrumentation, the pilot is provided with a power console and
an auxiliary console. The auxiliary console is used in
conjunction with other controls to accomplish conversion from
one flight mode to another.

The control stick is mechanically connected to the aero-
dynamic flap-type control surfaces, wing-fan exit-louver servo
valves, and pitch-fan thrust modulator servo valve. The lift
stick is connected to the wing-fan exit-louver servo valves and

is operative only during fan-mode flight. The rudder pedals
are mechanically linked to the conventional rudder as well as to
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the wing-fan exit-louver servo valves. The ailerons, wing-fan
exit-louvers and pitch-fan thrust modulators are hydraulically
actuated. In addition to being mechanically controlled, the
wini-fan exit-louver servo valves and the pitch-fan thrust-
modulator servo valve have electrical features which accept
input signals from the stability augmentation system (SAS)
amplifiers.

The control stick and rudder pedals perform identical
attitude control functions in both conventional and FM flight.
Longitudinal stick motion controls the elevators and the pitch-
fan tnrust-modulator doors. Lateral stick motion controls the
ailerons as well as the differential stagger of the wing-fan
exit louvers. In FM flight, the collective lift stick motion
adjusts the wing-fan louver collective stagger and the position
of the pitch-fan modulator doors.

A mechanical mrixer mechanism is installed between the
cockpit controls and the louver actuator valves. This
mechanical mixer mechanism interprets pilot commands and
positions the wing-fan exit louvers. The mixer also decreases
and eventually disengages the wing-fan louver response to pilot
commands as a function of louver vector angle (forward speed).
This deactivates the wing-fan control system while in the
conventional mode. A similar device combines longitudinal
control and collective control commands to the pitch-fan thrust-
modulator doors and disengages door response to commands as a
function of louver vector angle. Another function of the mixer
is to compensate for rolling tendenci.es when yaw cormmands ire
given.

In the FM flight, the positions of the wing-fnn louvers
(see Figure 2) determine beta stagger or vector, either
collective or differential, or combinations of both. Thus, the
beta stagger anile of the louvers determines the lift of each
wing fan for roll, lift control and trim, whereas the vector
angle of the louvers determines the horizontal thrust component
of the wing. Combinations of these two angles, either collective

FIGURE 2 - VTOL Flight Control System Operation
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or differential, result from pilot inputs and/or automatic
stabilization of the roll and yaw axes within the limited
authority of the SAS system. These control functions are
summarized as follows:

a. Collective stagger produces vertical deceleration.

b. Differential stagger produces roll control.

c. Collective vector produces horizontal acceleration.

d. Differential vector produces yaw acceleration.

For the pitch axis, the pitch-fan modulator doors
increase or spoil the thrust of the pitch fan. In a manner
similar to the roll and yaw-axis control of the wing louvers,
the hydraulic actuator for the pitch-fan doors responds to the
pilot's input and/or any signal generated by the pitch-rate gyro
of tho SAS system.

2.4.2 FLIGHT CONTROL ELECTRICAL SYSTEM

Electrical power is supplied by two 28-volt-DC, 165-
ampere engine-driven generators and a silver-zinc battery for
emergency use. Two inverters supply 115-volt, 440-cycle AC power.
If a power loss is realized in one inverter, electrical loads are
automatically transferred to the other inverter. Either inverter
is capable of supplying normal current loads.

The conversion control and SAS have dual electrical channels
for both primary and standby functions. Both primary and standby
circuits are energized; however, only one circuit controls at a
time. Command signals for conversion and sequencing are always
dual except for flaps and ailerons droop commands. All commands
are fed to the electrical mixer for conversion control, and the
electrical mixer integrates and selects the proper flight control
actuator valves. The SAS is inoperative during jet-mode (JM)
flight. Special electrical features of the conversion control
system include automatic lockout during conventional flight and
while the aircraft is hovering in the FM flight.

In JM flight, control functions of the flaps-down switch
are selected through the louver selector switch which has two
positions, either JM or FM. If the louver selector switch is in
the JM position, flaps-down command causes flaps down with
aileron droop conditions. If the louver selector switch is in
the FM position, the same occurs and, in addition, sequenced
preconversion functions of the pitch-fan inlet louvers and wing-
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fan door locks and vectoring of the wing-fan louvers occur. When
these operations are completed, monitoring switches act as an
interlock through the mode selector switch and the electrical
mixer. The circuitry is arranged so that the mode selector switch
cannot command conversion to the FM configuration unless all pre-
conversion conditions have been met. If the conditions have not
been met on either primary or standby systems, the electrical
interlock system causes an interlock "No Go" warning light to
illuminate the annunciator panel.

In FM flight in hover, immediate change to JM cannot be
made. The pilot's maneuvering to gain a safe airspeed causes a
series of sequenced, automatic electrical events to occur. When
the fan louver vectoring is sufficient to provide a safe airspeed,
the mode selector switch capability is restored to the pilot. At
this time, the JM command can be given to the electrical mixer,
if desired, and an interlocked sequence of electrical commands is
automatically given. These commands include change in angle of
attack of the stabilizer, diversion of gases to the tailpipe,

3
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closure of the wing-fan doors and de-activation of the SAS. When
these automatic electrical commands to the actuators have been
completed, the aircraft is the sa-me pre-conversion configuration
as before converting from JM flight to FM flight.

If an actuator failure occurz during any part of pre-
conversion or pre-conversion sequence (JM to FM), or if any
mechanical interruptior occurs in the procedure, the Interlock
"No Go" warning light notifies the pilot that he should not
change mode. The circuitry is arranged so that a definite sequence
has to be followed by the pilot. Similarly, any electrical,
hydraulic or mechanical failure causes an interlock channel to be
given, thus interrupting the sequence and causing the warning to
be displayed on the annunciator panel.

2.4.3 FLIGHT PROPULSION SYSTEM

This system consists of two J85-58 turbojet engines (less
afterburners) used as gas generators; diverter valves to direct
the gas flow; two X353-SB lift fans equipped with vectorable
discharge louvers; one X376 pitch-trim control fan and necessary
ducting. The system augments the thrust of the turbojet engines
for FM flight.

For vertical flight, the turbojet engines supply hot
exhaust gas to the tip turbines of the wing fans. This is
accomplished by means of a diverter valve and ducting. During
transition from hover to horizontal flight, louvers (located on
the lower surface of the fan) vector the fan exhaust rearward to
provide horizontal thrust for forward acceleration. Once the
aircraft has reached a speed sufficient for wing supported flight,
the diverter valve moves to a straight-through position, the exit
louvers and the wing-fan doors are closed, and the turbojet operates
in the conventional manner. Crossover ducting between the wing fans
provides for single-engine operation,

The pitch fan, installed in the nose of the aircraft,
provides longitndinal attitude control of the aircraft during FM
operation. The pitch fan is coupled to the g2s generators in a
manner similar to that of tho wing fans. Pitch control is obtained
by modulation of the pitch-fan control doors, which respond co the
pilot's input and/or any SAS signal during FM flight. The doors are
closed and locked for JIM flight.

In JM flight, the engine compartment is cocled by ram air,
which in turn is exhausted by the tailpipe shroud ejector. In the
hover mode, cooling air is supplied for four engine-driven fans.
The heated air is then exhausted from the forward pitch-fan duct
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compartment through outlets in the pitch-fan (inlet) struts. The
divider.Auct and wing-fan compartments are exhausted from the strut
Zairings of the wing fans.

The aircraft is provided with a conventional throttle
quadrant, and in addition a twist grip is incorporated on th~e
collective lift control; this affords joint regulation of engine
power when in the FM flight.

2.4.4 FLIGHT CONTROL HYDRAULIC SYSTEM

Two independent hydraulic systems are provided for flight
control. Each system operates continuously and consists of
separate reservoirs, engine-driven pumps and plumbing. Either
system is capabl.e of supplying full load requirements in case of
pressure loss in one system. Hydraulic power is provided to operate
the wing-fan inlet doors and exit louvers, pitch-fan doors,
horizontal stabilizer, thrust spoilers and ailerons.

The wing-fan exit-louver servo valves and the pitch-fan
thrust-modulator servo valve are controlled not only by mechanical
inputs, but also by an electrical input feature capable of accepting
input signals from the SAS amplifiers. Hydraulic actuators also
position the thrust spoilers and the ailerons. A hydraulic motor-
driven screw jack positions the horizontal stabilizer.

Pressure transmitters for each hydraulic system operate a
dual-reading hydraulic pressure &age located in the cockpit. In
case of system pressure loss, an annunciator warning panel indicater
the affected system to the pilot,. Normal hydraulic system pressure
is 3000 pounds per square inch. Ground test connections are
provided for system checkout and to facilitate filling.

2.4.5 ENGINES

The J8S-SB engines, located in the Lpper fuselage above the
wing and aft of the cockpit, are axial-flow turbojets used as gas
generators, Uninstalled rating per engine is as follows:

Jet Thrust Engine Compressor
lb rpm

Sea level rated power 2500 16,500

Major components of each engine include ar 8-stage rotor,
a eatching compressor stator, an annular combustion systef., and
a 2-stage turbine.

285



Air enters the inlet duct and is directed into the inlet
compressor by the variable inlet guide vanes. As the air is
compressed, it is forced back into the combustion chamber. Fuel
nozzles, projecting into the combustion chamber, eject a fuel
spray which is mixed with the compressed air. Combustion is
provided initiaily by the ignition plug but is self-sustaining
thereafter. The combustion gases flow into the 2-stage turbine
mounted on a shaft that is splined directly to the compressor
rotor. After passing through the turbine section, the exhaust
gases flow into the diverter valve ducts, where the gases are
diverted either to the wing-fan/pitch-fan propulsion system
(for FM flight), or to the engine tailpipe (for JM1 flight).

PHOTO 11 - LEFT HAND SIDE DIVERTER VALVE INSTALLED IN XV-5A

Major component details irnclude a 15-strut front frame
fabricated of sheet metal, with 15 varlable-pitch inlet guide
vanes positioned directly downstr'eas• of the struts. An anti-

• ~icing manifold surrounds the front frame over the \'.d•low struts,
S~The compressor stator casing is split and flanged along the
Shorizontal centerline; this. makes it possible to remove the

upper or lower haif for inspection. The 8-stage axial-flow
compressor delivers air to the combustion s..ction at a pressure
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ratio of approximately 6.8 to 1. The compressor casing is made
of chromalloy steel. The 6xternal cylindrical part of the main
frame is also a chromalloy steel weldment. The frame not only
serves as a structural member but houses the power-takeoff drive
assembly and provides a mount for the 12 flow-divider fuel
nozzles, the fuel manifold, the accessory drive gearbox assembly
and the 8-stage compressor stator vanes and exit guide vanes.
Six equally-spaced struts provide for extraction of compressor
discharge air for auxiliary pressurization use. The outer
combustion casing is a one-piece stainless steel weldment that
serves as a major structural unit. The inner combustion casing
is also a one-piec- fabrication. The turbine stator is a sheet
metal weldment with a horizontal split line which permits removal
of either half for inspection. The air impingement start duct
is located on the bottom half of the casing. The turbine rotor
is a 2-stage impulse type which was designed to operate at a
speed of 16,500 rpm and at a nominal turbine inlet temperature
of 1650 degrees F.

Lubrication is provided by a pressurized, closed-circuit
system which furnishes oil to the cored and drilled passages of
the engine and to a relatively few external oil lines. The
lubrication system is pressurized by bleeding compressor air
into the oil reservoir. A relief valve prevents excessive pressure.

For engine ignition, a capacitor discharge ignition unit is
provided. The engine igniter plug is immersed in the combustor.
Alernating current (AC) of 115 volts, 400 cycles is produced by
an airframe-mounted inverter. The curr, nt passes through a filter
which prevents high frequency signals from entering or leaving
the unit. The input power is st-pped up to approximately 1250
volts by a transformer, then rectified to a pulsating direct
current (DC) potential of about 2500 volts, which is stored in
the capacitor. A sealed gap allows periodic surges of stored
high DC voltage to flow to the igniter. Once ignition has been
accomplished, combustion of the engine is self-sustaining.

The overspeed governor is hydro-mechanical isochronous
type which senses and governsengine physical speed at one
adjustable speed setting by bypassing fuel flow in excess of
engine requiremerts to the main fuel pump inlet. The eve'rspeed
governor system provides a limit steady'staie engine speed of 104
percent maximum and a limit transient speed of 108 percent maximum.

2.4.6 FUEL ZYBTE-M

The fuel system is controlled by the pilot -t the fuel
management panel. The panel represents the plumbing of the entire
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fuel system in diagram. For normal operation, the 1710-pound-
capacity forward tank supplies fuel to the left engine. The 1720-
poznd-capacity aft tank supplies fuel to the right engine. The
normal setting for the fuel tank valves is to have both tank-to-
engine valves open. The fuel level of each tank is shown on the
main instrument board by a dual gage in the engine display. Low
lzve) in either tank lighti the master caution light and a low-
level light in the annunciator panel. The tank affected is
indicated by low-level amber lights on the fuel management panel
and when this occurs approximateiy 250 pounds of fue' remain.

Each tank is equipped with a boost pump, driven by engine
bleed air. The pump is controlled by a switch on the fuel
management panel. Caution light& for the boost pumps indicate
low pressure or loss of pressure. The boost pumps are used for
all engine operat-ons; however, the engine pumps will maintain
engine operation below 6000 feet altitude.

2.4.7 STABILITY AUGMENTATION SYSTEM

The stability augmentation system (SAS) operates in the
FM flight during transition and corversion and stabilizes the
aircraft attitude in a_7 axes. Du:ing conventional flight, the
SAS system is inoperative. Dual electronic channels provide for
both primary and standby systems. The systems consist of the
pilot ccntrols, dual 3-axis gyros and dual amplifiers. The 3-
axis rate-gyro signals determine the hydraulic actuator positions
of the wing-fan louvers and the pitch-fan (modulator) doors. The
two systems are identical except for the gain control. The
primary system gains are adjustable by the pilot at the instrument
panel. In normal flight, the primary system is used and back-up
reliability is supplied by the standby system.

The automatic stabilization electrical inputs of the SAS
system are summed with the mechanical inputs in both the wing-fan
louver and pitch-fan door actuatorn. The response of these
actuators to the electrical signals is such that each actuator
has limited authority in case a hardover signal occurs. In the
roll axis, the amplifier operates in either a holding or
staneuvering mode, depending upon the position of the control
stick. For small motions near the center of the control stick
travel, the amplifier operates in the holding mode. In this case,
the gyro signal is integrated to produce a quasi-position signal
which is combined with the rate signal. For larger excursions
(t 1 inch) of the control stick,, switches located on the control
linkage cause the integrator in the amplifier to be shorted, and
the amplifier operates in the maneuvering mode. In this mode,
the quasi-position signal is eliminated and only the rate signal
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is amplified and sent to the actuators. The pitch and yaw axes
operate in the maneuvering mode at all times. There is no
integration of the rate signal; however, a change of gain Is
effected by displacing the controls.

The settings and authority of the optimum SAS configuration
used during the tests were;

Collective Stick Position Vector Angle Auzthority - AWS'
63 uip O-do Equivalent Inches of Control

PltýI* Wxs Rol v
ASAS**-I ASA S &W&58 2

so 0 2.09 .70 S

100 07-

is 2.27, 1.07 1.61.

30 2.03, 2.07 '2.0.

FIGURE 4- AUTOMATIC STABILIZATION SYSTEM BLOCK [IAGRAM,page 286
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APPENDIX IV

FLIGHT AND OPERATION LIMITS

The following flight and operation limits were observed
during the stability and control evaluation of the XV-5A aircraft:

a. Airspeed Limitations

(1) Jet-Mode Flight

(a) Maximum Flight Speed - Figure 1

The maximum flight speed was 400 knots
equivalent airspeed (KEAS) or 0.70 Mach
Number based on flutter and stability and
control flight tests.

The aircraft was limited to 300 knots indicated
airspeed (KIAS) or 0.70 Mach Number pending
further evaluation of the fuel tank vent system.

(b) Wing Flap, Landing Gear, Pitch-Fan Inlet
Louver, Pitch-Fan Exit Door or Wing-Fan Exit
Louver Extension (or Extended).

Maximum structural speed - 180 KEAS

(c) Pre-conversion Configuration

Maximum structural speed 180 KEAS

Maximum speed, Phase II flight
test policy 130 KIAS

(d) Low Airspeed System

Maximum design speed,
aircraft system 170 KIAS

Maximum design speed,
flight test instrumentation
system 150 KIAS

(e) Nose Landing Gear Critical Speed

(Shimmy Damper Limit)

Maximum - 120 knots ground speed
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(f) High Speed Drag Parachute

Maximum design deployment speed 500 KEAS

Minimum design deployment speed 150 KEAS

(g) Landing Deceleration Parachute

Maximum design deployment speed 130 KEAS

Minimum design deployment speed 70 KEAS

(h) Spin Recovery Parachute

Maximum design deployment speed 180 KEAS

(i) Minimum Flight Speed

Minimum speed - that speed at which 15 deg
indicated angle of attack
occurs

(2) Fan-Mode Flight

(a) Conversion Speed Limits

Turbojets to fans 92 to 110 KIAS

Fansto turbojets 84 to 95 KIAS

(b) Maximum Flight Speed

Maximum design speed 120 knots true
airspeed (KTAS)

Maximum demonstrated speed 110 KIAS
(approximate)

(c) Minimum Flight Speed At Altitude

Speed below 30 KIAS at altitudes above 500-ft
terrain clearance are not recommended due to
inadequate pilot visual cues.

(d) Airspeed - Angle of Attack Limits Figure 2

(e) Lateral and Rearward Translation Limits
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Lateral 2i knots

Rearward 19 knots

b. Convez..ion Test Limitations

(1) Conventional to Fan-tkcde Conversion (Initial Conditions)

Collective lift setting 25% to 100% demonstrated

Gross weight 10, 3 0 0 lb maximum
demonstrated

Altitude 1000 ft minimum terrain
clearance

Airspeed 92 - 105 KIAS
(demonstrated)

Hor,.zontal tail inci.dence 10 deg (Automatic

progrananing)

-5 deg (Prior to

conversion)

Maximum power setting 102% RPM

700 deg C (10 min)
690 deg C continuous

Minimum power setting 97% RPM (demonstrated)

Thrust spoilers Retracted

S':ability augmentation On or off

Fan cavity temperature 120 deg C maximum

(2) Fans to Jet-Mode Conversior (Initial Conditions)

Collective lift setting 55% to 100% demonstrated

Angle of attac\ +4.5 deg maximum

-2.0 deg minimum

Bank angle t30 deg
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Sideslip angle Approximately zero

(t2 deg)

Rate of climb Zero maximum

-1000 ft/min minimum

Gross weight 10,300 lb maximum

Altitude 1000 ft minimum terrain
clearance

Airspeed 84 - 95 KIAS

Horizontal tail incidence 15 deg maximum

7 deg minimum

Power setting (J-85-SB) 102% RPM maximum

94% RPM minimum

700 deg C (10 min)

690 deg C continuous

Wing fan speed 103% RPM maximum

88% RPM minimum

c. Flight Time and Temperature Limitations

Certain poicions of the airframe were subject to high
temperatures requiring time and/or temperature limitations
for particular flight conditions and configurations until
such time as the thermodynamic properties of the aircraft
become more fully defined.

(1) Jet-Mode Flight

No limitations except fan-cavity temperatures, as
follows:

Maximum continuous 120 deg C

Maximum for 1 min 120 deg - 150 deg C

Overheat conditions above 150 deg C
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(2) Fan-Mode Flight - Fixed Landing Gear with Heat

Shields

(a) Hovering Flight (zero - 30 KIAS)

Maximum permissible flight time versus ambient
temperature for the zero - 30 KIAS speed regime
in close proximity to the ground is presented
in Figures 3 to 6.

(b) Transition Flight (above 30 KIAS, OGE)

Indicated vector angle
35 deg and above 6.0 min maximum

Indicated vector angle
less than 35 deg 10.0 min maximum

Total FM flight time 10.0 min maximum

(3) Fan-Mode Flight - Retractable Landing Gear

The landing gear was in the retracted position at
airspeeds above 60 KIAS or at indicated vector
angles greater than 30 deg. A dash acceleration
through conversion, however, was permitted with
the gear extended when the extension of the gear
was accomplished within a maximum of IS sec.

(a) Landing Gear Extended, Wheel Well Doors Open

Ground operations at
70% RPM 6.0 min maximum

Hovering IGE 2.0 min maximum

Airspeed less than or
equal to 60 KIAS and
less than 30 deg
vector angle, OGE same as in Item c(2)

(b) Landing Gear Retracted, Wheel Well Doors Closed

Airspeed above 60 KIAS
or greater than 30
deg vector angle 4 min maximum
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Airspeed less than
or equal to 60 KIAS
and less than 30-
dog vector angle,
OGE same as in Item c(21

d. Prohibited Maneuvers

Intentional spins, inverted flight, stalls or aerobatics
were prohibited because of unwarranted risk and because
no significant contributions would be made to the current
evaluation of the aircraft.

e. ManeuveringLimitations and Flight Test Experience

(1) Jet-Mode Flight

(a) Normal Load Factor Envelope - Figure 3

(b) Sideslips - Figure 4

Flight test experience of sideslip maneuvers
is presented in Figure 4. No known aircraft
restriction as such existed; however, the
data shown represented near full rudder input
or near maximum pilot effort.

(2) Fan-Mode Flight

(a) Structural Design Envelope - Figure 5

(b) Sideslip - Figure 6

Flight test experience of fan-mode sideslips
is presented in Figure 6. It is recommended
that these values not be exceeded.

f. Takeoff Limitations

(1) Jet-Mode Flight

Maximum gross weight,
Phase II flight test policy 11,600 lb

m'iximum forward C.G. location Fuselage Station
240.0

Maximum wind velocity for
flight test operations 15 kt (any direction)
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NMaximum _:rossw'inJ con:ponent 5 kt

Maximum nosewheel lift-cff
speed 120 kt ground speed

(2) Fan-Mode - Vertiial Lift-Off

Maximum gross weight Figure 7

Maximum forward C.G. locatron Fuselage Station
240,0

Maximum wind velocity 5 kt

Maximum crosswind component zero

The aircraft must be headed into the wind prior to
lift-off.

(3) Fan-Mode Flight - Rolling Takeoff (STOL)

Maximum gross weight (Same
as FM) Figure 7

Maximum forward C.G. location Fuselage Station
240.0

Maximum wind velocity for
flight test operations 15 kt
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APPENDIX V

TEST INSTRUMENTATION

1.o TEs'T PARAMETERS

The test instrumentation was supplied, calibrated(, installed

and maintained by the contractor in accordance with Reference b.

A General Electric (GE) 300A Airborne Automatic Data
Acquisition System was used to record flight data parameters.
The followivg parameters were recorded by this system during the
stability and control tests of the XV-5A:

a. Angle of Attack

b. Angle of Sideslip

c. Altitude

d. Airspeed (High and Low)

e. Outside Air Temperature

f. Longitudinal Stick Position

S. Longitudinal Stick Force

h. Elevator Position

i. P'itch-Fan Door Position

j. Horizontal Tthil Position

k. Pitch Rate

1. Pitch Attitude

m, Lateral Stick Position

n. Lateral Stick Force

o. Right-Wing Aileron Position

p. Left-Wing Aileron Position

q. Roll Rate
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r. Roll Attitude

s. Right-Wing Odd-Louver Position

t. Right-Wing Even-Louver Position

u. Left-Wing Odd-Louver Position

v. Left-Wing Even-Louver Position

w. Rudder Pedal Position

x. Rudder Pedal Force

y. Rudder Surface Position

z. Yaw Rate

aa. Yaw Attitude

bb. Collective Control Position

cc. Flap Position

dd. Diverter Valve Position

ed. Wing-Fan Door Position

fe. Beta Vector Command Positior,

Other parameters were recorded by the data acquisition system
but were not considered mandatory for the stability and control
portions of the test.

I2.0 DATA ACQU!ISITION SYSTEM

The GE 300A Airborne Automatic Date Acquisition System was
a high-speed pulse-code-modulation (PCM) system. It was completely
transistorized with a self-contained analog-to-digital conversion
and packaged for minimum size and weight.

The GE 300A system was capable of recording from 12 to 90
data channels. The recording of both low-and high-level data
sources was possible. These analog signals were multiplexed and
converted to a PCM format with parallel output in a form suitable
for recording on magnetic tape. The specifications for this
system were:
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a. Number of Channels 90 channels for data input

10 digital channels

b. Sampling Rate 100 samples/sec/channel

c. Resolution Ten bits

d. Accuracy t 0.5% low-level
t 0.2% high-level

e. Recording Time (Maximum) 16 min

f. Tape Speed 30 in/sec

g. Power Requirements 28 volts DC @ 20 amps max

h. Weight 100 lbj

PHOTO 12 - PCH System with Multiplexer
Installed

PHOTO 13-
PCM System with Encoder Exposed
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When opez-ating ptoperly, the data acquisition system had
Sufficient accuracy for recording stability and control flight
data. A ý:ontinuous check by highly technical ptersonnel, however,
was requirud to verify .-e validity of the data. The major problems
encountered during che test program were overall system noise,
shifting Gf ,.alibrations, aud need of a highly ccmplicated ground
station to prod-uce tht rr.w data in engineering units.

This type of data acquisition system was not conducive to
operating at locatioas other than the principal test site, where
a grcund station and the necessary technical personnel were readily
available. This ground station required trained and experienced
technical personnel for maintenance, eperation, and assurance of
reproduction of valid data. The data acquisition system was
designed, manufactuzed, and generally serviced and maintained by
the contractor.

The preflight time for the PCM system required approximately
four hours. When a dawn flight was scheduled this requirement
could be successfully accomplished only by providing the necessary
personnel to start the preflight procedures at an eariy hour.

PHOTO 14 - Multiplexer Unit
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During the initial portion of the program the calibration and
preflight prc-edures were gonei.ally outlined in many cases by
vwrbal instructions. This condition required judgment from the
individual performing the operation. The same interpretation and
judgment were not reached by different individuals performing the
same calibration. This situation resulted in errors, inconsistencies
and non-repeatability and contributed to a generally low data-
accuracy and confidence level.

!I

/I

PHOTO 15 - PCM System Installed in Aircraft
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PHOTO IL - V-5A Wing Boom, Airspeed

PHOTO 17 -XV-SA Wing Boom~ OAT
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APPENDIX VI

WEIGHT AND BALANCE

The test aircraft, S/N 62-4505, was weighed prior to the
flight. The weighing was accomplished on the weight and balance
facilities of the U. S. Air Force Fligit Test Center (AFFTC),
Edwards Air Force Base. The test instrumentation was instailed
p~ior to the weighing. The contractor weight data established
the weight of the total instrumentation at approximately 500
pounds. The basic weight (empty weight plus trapped oil and
fuel) was 8685 pounds and the C.G. was at Station 243. Changing
the gear to the locked-down position and installing the heat
Ehield increased the basic weight hy 42 pounds.

The fuel system was also calibrated with the AFFTC facilities.
Knori. fuel quantities were •.dded incrementally to the aircraft.
Fuel density and volume were establ.qhed for each fuel increment
added to the system. After the fuel level was allowed to stabilize,
the quantity indicators were recorded and the aircraft w.-s reweighed,
This data was then used to calculate C.G. locations for various fuel
loadings. Weight and balance data was also obtained in a similar
manner to determine the C.G. chauge with aircraft attitude and fuel
loading.
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APPENDIX VII

PILOT OPINION RATINGS

ADJECTIVE DESCRIPTION RATING

...~~ ~ ~ ................. 0...... I....................................................................... 0........ I.........

EXCELLENT Includes optimum 1

VERY GOOD No unpleasant characteristics; some 2
nuisance-type deficiencies when no
impairment tQ normal operation occurs.

GOOD Some unpleasant characteristics in 3
regimes where no impairment to normal
operation occurs,

FAIR Some unpleasant characteristics that 4

cause perceptible fatigue; precision
tasks possible after additional
training.

POOR Controllable but fatiguing; precision 5
tasks possible but difficult even
after extensive training.

POOR to BAD Controllable for short periods only 6
without excessive fatigue; precision
tasks questionable even after extensive
training.

BAD Total pilot attention required to 7
operate aircraft; precision tasks
impossible.

DANGEROUS Almost uncontrollable; accident 8
probable.

CATASTROPHIC No control; accident certain, escape 9
questionable.



APPENDIX VIII

DETAILED DESCRIPTION OF XV-5A TEST PROGRAM RESPONSIBI!.ITIES
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1.0 XV-5A PROGRAM MANAGER'S REPRESENTATIVE AT EDWARDS AIR FORCE
BASE (PROVIDED BY USA.AVNMLABS)

a. Be responsible to the Lift-Fan Program Manager for
conduct of the XV-5A Government Flight Evaluation at Edwards
Air Force Base.

b. Provide necessary technical and contractual support to,
and coordination with, the XV-SA Test Director.

c. Assure necessary coordination with the contractor and
other Government agencies.

d. Recommend contract program changes to the-Lift-Fan
Program MI-anager, USAAVNMLABS, for execution.

e. Provide Contracting Officer's Representative (COR)
services at the XV-SA test site.

f. Provide briefing on the XV-SA program to certain visitors
at the direction of CO, USAAVNMLABS, or at the request of CO,
USAAVNTA, or CG, IJSAFFTC.

2ý.0 XV-SA TEST DIRECTOR AT EDWARDS AIR FORCE BASE (PROVIDED BY
USAAVNTA)

a. Provide technical and administrative direction for the
research flight test of the XV-5A.

b. Be responsible to the XV-SA Program Manager's Representative
for conduct of the approved XV-SA flight test program.

c. Establish and/or approve flight test operational procedures
and monitor their compliance by contractor and Government personnel.

d. Supervise daily flight test activities:

(1) Approve each scheduled flight, including aircraft
configuration, pilot selection, flight test card to be flown,
alternate test card to be flown, instrumentation, aircraft mainten-
ance, etc.

(2) Supervise instrumentation of the test aircraft; e.g.,
modification and calibration.

(3) Supervise the collection, reduction, plottiag and
analysis of flight test data.
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e. Recommend aircraft and instrumentation modifications to
the XV-5A Program M1anager's Representative.

f. Provide the COR information by which to validate charges
against the Government under terms of the support contract.

g. Supervise pilot proficiency, general qualification and
proficiency in the XV-5A.

3.0 XV-5A TECHNICAL CONSULTANTS AT EDWARDS AIR FORCE BASE
(GOVERNMENT AND NON-GOVERNMENT)

a. Be selected on the basis of their ability to contribute
to the successful attainment of the established program objectives.

b. Be supplied to the program for varying periods, depending
upon their assignment and the type of testing and/or problems
encountered, in many cases for the duration of the program.

c. Be assigned as follows: (1) Staff consultants, as
assistants to the Test Director to contribute to the assigned
phase of the overall test program and (2) Other consultants, as
engineering support to one of the two project engineers.

d. Report administratively and technically to the Test
Director, if Government consultants.

4.0 CONTRACTOR SUPPORT PROGRAM MANAGER AT EDWARDS AIR FORCE BASE

a. Be responsible to the Test Director for all contractor
support supplied to the program.

b. Manage the approved program, including modifications,
under the direction of the Test Director.

c. Provide administrative and technical control over non-
Government support personnel.

d. Plan, schedule and conduct program planning meetings,
review meetings, briefing and debriefing of each test flight.

e. Be responsible to the Test Director for off-site design,
test and/or fabrication of aircraft/propulsion system hardware in
support of the flight test program.

f. Establish priorities for facilities, equipment, special
support shops and personnel.
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_, g. Provide for flight test suppDrt, e.g., chase-pace aircraft,
emergency equipment, radio frequencies, airspace allocations,
tracking and camera facilities, etc.

5.0 LIFT-FAN PROGRAM MANAGER AT USAAVNMLABS, FORT EUSTIS

a. Be responsible to CO, USAPVNMLABS, for the conduct of all
Lift-Fan research.

b. Provide technical guidance and contractual support to the
XV-SA Government Flight Evaluation.

c. Provide public information services through the Public
Information Officer, USAAVNMLABS.
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